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Abstract 


In the study of the palatal structure of Sturnus special attention is given to its taxonomic 
significance and its rêle in cranial kinesis. The mutual relations of the different bony elements of the 
beak are investigated in connexion with kinesis. The nasal capsule, nasal glands, columella auris, 
lower jaw and hyoid are described. 
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INTRODUCTION 


Different subspecies of Sturnus vulgaris are commonly encountered in Europe, 
Asia and North Africa and live as migratory or non-migratory birds (Fehringer, 1951). 
Sturnus vulgaris vulgaris was introduced into Cape Town in 1899 by Cecil Rhodes 
(Winterbottom and Liversidge, 1954) and has extended into adjoining districts where 
it is now regarded as a pest. 


In the earliest works on the morphology of the avian palate, those by W. K. 
Parker (1862 and 1876), Huxley (1867), Fiirbringer (1888), T. J. Parker (1888) and 
Pycraft (1900), the emphasis was mainly on taxonomy and phylogeny. No attention 
was given to the mechanical function performed by the different palatal types in 
cranial kinesis. Versluijs (1912) was the first to draw attention to this phenomenon. 


In the present investigation special attention is given to the structure of the 
palate of S$turnus, and its rêle in cranial kinesis. The mutual relations of the different 
bony elements of the beak are investigated in connexion with this process. The nasal 
capsule, nasal glands, columella auris, lower jaw and hyoid are also described. 


For a complete synopsis of the literature dealing with the bird skull, the reader 
is referred to recent investigations on the avian cranium carried out at the Zoological 
Institute of the University of Stellenbosch, such as de Villiers (1946), Swart (1946), 
Grewe (1951), Prins (1951), Crompton (1953), Frank (1954), Engelbrecht (in press), 
Webb (in press) and Fourie (in press). 


MATERIAL AND TECHNIOUE 


This investigation describes the state of development of the skull in a young 
nestling of Sturnus. The specimen was fixed in 12% formalin, and decalcified in a 
solution of concentrated HNO,, and 70% alcohol in the proportion 6 : 100. The 
material was stained in toto with boraxcarmine, and the microtomized sections, 
20p thick, were counterstained with azan. 


Pusey's (1939) “projection method” and contour method were employed for 
the preparation of graphic reconstructions. 
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FIG. 1. Graphic reconstruction of the ventral aspect of the palate ( 7-5). 


MAX., maxillary; PAL ., palatine; PR., premaxillary:; PRO. ALV. O. PR., processus alveolaris ossis 

praemaxillaris; PRO. ETH. PAL., processus ethmopalatinus; PRO. FR. O. PR., processus frontalis 

ossis praemaxillaris; PRO. MAX. PAL., processus maxillopalatinus; PRO. PAL. O. PR., processus 

palatalis ossis praemaxillaris; PRO. ZYG. O. MAX., processus Zygomaticus Ossis maxillaris; 

PT., pterygoid; OJI., guadratojugal; OUAD.,, guadrate; ROS., rostrum of parasphenoid: VOM,, 
vomer; VOM. P., vomerine prong. 
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THE MEMBRANE BONES OF THE PALATAL REGION 


Huxley (1867) was one of the first workers on the morphology of the avian 
palate. He divides existing birds into two orders: Ratitae and Carinatae. The Ratitae 
comprise the “struthious” birds and the Carinatae all the rest. According to Huxley, 
the bones present in the palate in the Carinatae, are disposed in four patterns which he 
calls dromacognathous, schizognathous, desmognathous and aegithognathous 
respectively. Huxley defines the aegithognathous palate as follows: “The vomer is a 
broad bone, abruptly truncated in front, and deeply cleft behind, embracing the 
rostrum of the sphenoid between its forks. 'The palatines have produced postero- 
external angles. The maxillo-palatines are slender at their origin and extend inwards 
and backwards obliguely over the palatines, ending beneat the vomer in expanded 
extremities, which do not become united by bone, either with one another or with the 
vomer” (p. 450). W. K. Parker (1876) points out that there are several varieties in the 
morphological types of the avian palate as defined by Huxley. He enumerates four 
in the aegithognathous and five in the desmognathous palate. 


The palate of Sturnus conforms to the aegithognathous type as defined by 
Huxley (Fig. 1). 


The fused premaxillaries, which strengthen the tip of the beak, contribute to 
the secondary palate: each possesses a proc. alveolaris and a proc. palatalis. The proc. 
alveolaris ossis praemaxillaris forms the lateral edge of the beak and extends back- 
wards dorso-lateral to the maxillary. Its tapering posterior end lies lateral to the 
ventral prong of the nasal (proc. maxillaris ossis nasalis) and dorsal to the maxillary. 
The proc. palatalis ossis praemaxillaris extends backwards ventro-lateral to the 
palatine and ventral to the maxillary (Fig. 2). 


PRO. ALV. O. PR. 


PRO. PAL. O. PR. 


tie Se AM EES, 


FIG. 2. 'Transverse section through the right side of the palate to show the relations of the palatine, 
maxillary and premaxillary. 


MAX., maxillary; PAL., palatine; PRO. ALV. O. PR., processus alveolaris ossis praemaxillaris; 
PRO. PAL. O. PR., processus palatalis ossis praemaxillaris. 


The anterior portions of the palatine and the maxillary lie medial to the lateral 
pat of the premaxillary and the maxillary lateral, and slightly dorsal to the palatine. 
All the bones in this region are in syndesmosis. The maxillary extends backwards, 
passing through the slit between the proc. palatalis and proc. alveolaris of the maxillary 
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to reach the ventral surface of the latter process, along which it extends backwards 
up to the guadratojugal. Opposite the posterior portion of the proe. palatalis ossis 
praemaxillaris, the proc. maxillopalatinus originates from the median surface of the 
maxillary and passes inwards dorsal to the palatine. lt then bends backwards along 
the inner edge of the palatine, leaving a broad fissure between itself and the opposite 
proc. maxillopalatinus. This portion of the proc. maxillopalatinus is ventro-lateral 
to the vomer, leaving a broad fissure (the choana) between the two structures (Fig. 3). 


PRO. FR. O.PR. 
PRO.PR. O. NAS. 


R. LAT. NASI 


PRO. MAX. O.NAS. 


PRO MAX. PAL. PAL. 


| MM. 


FIG. 3. Transverse section through the nasal capsule and the palatal roof in the region of the vomer. 


CHO., choana; DUCT. NAS. LAC., ductus nasolacrimalis; IN. DUCT, inner duct of nasal gland; 
MAX. TUR., maxilloturbinal; OUT. DUCT, outer duct of nasal gland; PAL., palatine; PRO. FR. 


O. PR., processus frontalis ossis praemaxillaris; PRO. MAX. O. NAS., processus maxillaris ossis 
nasalis; PRO. MAX. PAL., processus maxillopalatinus; PRO. PR. O. NAS., processus praemaxillaris 


ossis nasalis; PRO. ZYG. O. MAX., processus zygomaticus ossis maxillaris; R. LAT. NASI, ramus 
lateralis nasi; R. MED. NASI, ramus medialis nasi; SEP. NASI, septum nasi; VOM., vomer. 


The relation of the proc. maxillopalatinus to the vomer is therefore also in 
agreement with Huxdey's definition of the schizognathous palate. The proc. maxillo- 
palatinus, however, is not united to the palatine as in the typical schizognathous 
palate (Figs. 3 and 4). This is of little importance since the palatine and maxillary are 
in syndesmosis at the tip of the beak (Fig. 2). The palate of Sturnmus, although 


anatomically aegithognathous, can therefore be regarded as functionally schizog- 
nathous. 


The palatine extends backwards and slightly outwards along the medio-dorsal 
surface of the proc. palatalis ossis praemaxillaris. Tt crosses the proc. maxillo- 
palatinus ventrally and passes backwards ventro-lateral to the posterior portion of the 
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FIG. 4. 'Transverse section through the nasal capsule and the palatal roof in the region anterior to 
the vomer. 


AT. TUR., atrioturbinal; IN. DUCT, inner duct of nasal gland; MAX., maxillary; MAX. TUR,, 

maxilloturbinal; OUT. DUCT, outer duct of nasal gland; PAL ., palatine; PAR. CAR ., parietotectal 

cartilage; PRO. FR. O. PR., processus frontalis ossis praemaxillaris; PRO. MAX. O. NAS., processus 

maxillaris ossis nasalis; PRO. MAX. PAL., processus maxillopalatinus; PRO. PR. O. NAS., pro- 

CEssus pragmardliaris ossis nasalis; R. LAT. NASI, ramus lateralis nasi; R. MED. NASI, ramus 
medialis nasi; SEP. NASI, septum nasi. 


proc. maxillopalatinus. lt then bends inwards towards the rostrum. In this region 
the medio-dorsal and medio-ventral edges of the palatine are flexed medially, whereas 
the median surface of the palatine between these two edges is grooved. The palatine 
is conseguently horseshoe-shaped in cross-section (Fig. 5). The dorsal wing of this 
portion of the palatine is extended anteriorly to form a slender tapering proc. ethmo- 
palatinus lying dorso-lateral to the prong of the vomer. The proc. ethmopalatinus 
and the vomerine prong are so closely cemented by means of dense connective tissue 
that no mutual movement between the two structures is possible. A sheet of cartilage, 
projecting ventro-laterally from the outer edge of the palatine in this region, 
represents Parker's (1876) “transpalatine” when ossified (Fig. 5). This is of course 
not the transversum, which is absent in all birds. The posterior portion of the palatine 
is laterally fattened and extends backwards and slightly inwards to reach the ventro- 
lateral surface of the rostrum. Its dorsal edge forms a ke separating the anterior 
end of the pterygoid from the rostrum. 

The vomer is a broad bone, abruptly truncated in front, and deeply cleft behind 
to form two long, slender prongs (Fig. 1). The front end of the rostrum is embraced 
by the posteriorly tapering ends of the vomerine prongs. The rostrum is separated 
from the vomerine prongs by means of connective tissue. The broad anterior portion 
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FIG. 5. 'Transverse section through the lamina orbitonasalis and the palatal roof. 


BUC. GL., buccal gland; EYE MUS., eye muscle; FR., frontal; IN. DUCT, inner duct of nasal 

gland; INT. SEP., interorbital septum; LAM. ORB., lamina orbitonasalis; M. PT. DORS., musculus 

pterygoideus dorsalis; NAS., nasal; NAS. SAC, nasal sac; N. OLF., nervus olfactorius; OUT. 

DUCT, outer duct of nasal gland; PAL., palatine; PL. SUP. SEP., planum supraseptale; PRO. ER. 

O. PR., processus frontalis ossis praemaxillaris; R. LAT. NASI, ramus lateralis nasi: R. MED. NASI, 

ramus medialis nasi; SC. CAR., sclerotic cartilage; TR. PAL., “transpalatine”; VN., vein:; VOM. P., 
vomerine prong. 


of the vomer is dorsally dented and accordingly V-shaped in cross-section (Fig. 3). 
The vomer is ventral to the septum nasi and is separated from it by means of loose 
connective tissue (Fig. 3). 


The pterygoid reaches from the palatine to the guadrate. Anteriorly it overlaps 
the posterior end of the palatine dorso-laterally. In this region the pterygoid and the 
palatine are closely cemented together by means of dense connective tissue so that 
very little mutual movement is possible. The bones are separated from the rostrum 
by a narrow fissure (Fig. 6) so that movement between them and the rostrum is 
theoretically possible. The pterygoid is bifurcated anteriorly. One prong (the “hemi- 
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FiG. 6. 'Transverse section through the palatal roof to show the relations of the palatine, pterygoid 
j and rostrum of the parasphenoid. 


INT. SEP., interorbital septum; M. PT. DORS., musculus pterygoideus dorsalis; PAL., palatine; 
PT., pterygoid; ROS., rostrum of the parasphenoid. 


pterygoid” of Pycraft, 1900, and the “mesopterygoid” of Parker, 1876) is dorsal, 
and the other prong dorso-lateral to the posterior end of the palatine (Fig. 6). The 
median prong lies with its ventral edge close to the dorsal edge of the palatine, and the 
two bones are in syndesmosis. Posteriorly the pterygoid articulates with the guadrate 
by means of a synovial joint ventral to the proc. orbitoguadratus (proc. orbitalis) 
of the guadrate. This joint is of the ball-and-socket type, and the rounded end of the 
pterygoid is covered by a layer of articular cartilage (neomorphic?). 


The proc. zygomaticus ossis maxillaris is a long, slender process tapering 
posteriorly. It overlaps the anterior half of the guadratojugal (Fig. 1), and the two 
bones are in syndesmosis. 


The guadratojugal is a slender bony rod; its posterior end is capped by cartilage 
and fits into a cup-shaped fossa of the guadrate; the excavation is lined with connective 
tissue and no synovial cavity is present (Fig. 15C). A limited amount of movement 
between the two elements is possible, but there is no actual articulation. 
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THE MEMBRANE BONES OF THE NASAL CAPSULE 


The vomer has already been discussed. The premaxillaries are fused to form a 
single bony structure strengthening the tip of the beak. Each premaxillary possesses 
three backwardly directed processes: a proc. frontalis, a proc. palatalis and a proc. 
alveolaris. The latter two have been dealt with in the description of the palate. The 
proc. frontalis ossis praemaxillaris projects backwards, dorsal to the nasal capsule. 
The left and right frontal processes are fused along the dorsal midline except for their 
posterior, tapering portions which are in sutural connexion. Posteriorly the processis 
frontales separate the anterior portions of the two frontals from each other. 

The nasal is a thin, bony plate situated lateral to the posterior third of the proc. 
frontalis ossis praemaxillaris. It is in syndesmosis with the proc. frontalis ossis prae- 
maxillaris especially where the latter overlaps the proc. praemaxillaris ossis nasalis 
(Fig. 7). The nasal is bifurcated anteriorly to form a median proc. praemaxillaris and 


PRO. FR.O. PR. 
PRO. ALV. O. PR. 


PRO. MAX. O NAS. 


U 


PRO. PR.O. NAS. 


NAS. /] LAG. 


FiG. 7. Graphic reconstruction of the dorsal aspect of the membrane bones of the nasal capsule 
(ETES) 


FR., frontal; LAC., lacrimal; NAS., nasal; PR., premaxillary:; PRO. ALV. O. PR., processus alveo- 

laris ossis praemaxillaris; PRO. FR. O. NAS., processus frontalis ossis nasalis; PRO. FR. O. PR. 

processus frontalis ossis praemaxillaris; PRO. MAX. O. NAS., processus maxillaris ossis nasalis 

PRO. PR. O. NAS., processus praemaxillaris ossis nasalis; PRO. ZYG. O. MA?X., processus ZygO- 
maticus ossis maxillaris; OJ., auadratojugal. 
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a lateral proc. maxillaris. The backwardly directed proc. frontalis ossis nasalis is not 
very prominent. The proc. maxillaris ossis nasalis is a long, slender, tapering process 
extending forwards dorsal to the maxillary and medio-dorsal to the proc. alveolaris 
OSSIs praemaxillaris. 


The fenestra narina is bounded anteriorly by the premaxillary and dorsally by 
the proc. frontalis ossis praemaxillaris. Posteriorly it is bounded by the nasal and 
EE by the proc. maxillaris ossis nasalis and the proc. alveolaris ossis prae- 
maxillaris. 


The lacrimal (prefrontal?) is a small, thin, triangular bone situated lateral to 
the nasal and joined to the latter by means of dense connective tissue (Fig. 7). 


The frontals are fused in the dorsal midline except for their anteriorly diverging 
ends. Anteriorly the frontal is overlapped by the nasal and attached to the latter by 
means of dense connective tissue. In this region both elements are very thin, and the 
mesokinetic “Beugungslinie” (Versluijs, 1912) is restricted to this region. 


CRANIAL KINESIS 


According to de Villiers (1946), mesokinesis in birds reguires either “fracturing” 
of the septal apparatus or “lifting off” of the membrane bones from the mesethmoid. 
Sturnus has the first-mentioned type since a large fissura craniofacialis is present in the 
septum. “Lifting off” of the dermal bones from the nasal capsule is impossible, because 
the nasal and the proc. frontalis ossis praemaxillaris are connected to the underlying 
nasal capsule by means of dense connective tissue. Moreover, in Sfurnus the dorsal 
rotation of the beak is facilitated by the existence of a mesokinetic “Beugungslinie.” 
A certain amount of flexibility is evident in the region where the frontal and the nasal 
overlap. 


The process of kinesis commences with the contraction of the m. protractor 
pterygoidei. In $turnus this muscle is inserted (1) on to the inner surface of the guadrate 
immediately behind the pterygo-guadrate joint, (2) on to the inner surface of the 
posterior portion of the pterygoid, and (3) on to the antero-medial surface of the proc. 
orbitoguadratus of the guadrate. It is attached to the lateral surface of the basi- 
sphenoid and to the ventral part of what is presumably the pleurosphenoid. The 
muscle fibres run in a ventro-latero-caudal direction. 


According to Lakjer (1926) the m. protractor pterygoidei of birds consists 
typically of two portions which he named the m. protractor pterygoidei s. str. and the 
m. protractor guadrati. In the Sturmus nestling the m. protractor pterygoidei is not 
differentiated into the two portions as described by Lakjer for birds in general. 


The guadrate in the Sturnus nestling is still partly cartilaginous. It is a short, 
stout structure possessing the typical proc. orbitoguadratus (Fig. 8). Distally the 
guadrate is differentiated into three portions: an inwardly directed tubercle articulating 
with the pterygoid, a ventrally directed tubercle articulating with Meckel's cartilage, 
and a laterally directed process for the guadratojugal. The proc. oticus is a short, 
stout process articulating with the otic capsule and the ventral edge of the sguamosal. 
This process is laterally extended but not as distinctly differentiated into two tubercles 
as in most birds (Gaupp, 1906). The postero-median tubercle articulates with the 
otic capsule which is still cartilaginous, and the antero-lateral tubercle articulates 
with the sguamosal. The articular surface on the latter is covered by articular cartilage. 
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P-M. T. PRO. OTIC. A-L.T.PRO. OTIC 


PRO. OT IC. 


PRO. ORB. OUAD. 


FIG. 8. Graphic reconstruction of the anterior aspect of the guadrate (. 8:3). 


A.-L. T. PRO. OTIC., antero-lateral tubercle of the processus oticus; FOSS. OJ., fossa for the 

guadratojugal; P.-M. T. PRO. OTIC., postero-median tubercle of the processus oticus; PRO. ORB. 

OUAD., processus orbitoguadratus; PRO. OTIC., processus oticus; T. M. CAR., tubercle for 
articulation with Meckel's cartilage; T. PT., tubercle for articulation with the pterygoid. 


The proc. orbitoguadratus is a long, stout process originating from the antero-median 
surface of the guadrate dorsal to the pterygo-guadrate joint. It extends in an antero- 
medio-dorsal direction. Part of the m. protractor pterygoidei is inserted on to the 
inner surface of this process. 


On contraction of the m. protractor pterygoidei, the distal portion of the 
guadrate is pulled forwards and slightly inwards. 'This is possible because the con- 
figuration of the joint between the proc. oticus of the guadrate and the otic capsule 
plus sguamosal is such that it permits movement of the guadrate in a sagittal plane. 


The pterygoid and the palatine are rigidly connected by means of dense con- 
nective tissue, and the inner flanges of both elements can slide freely along the rostrum. 
Forward movement of the guadrate is therefore transferred directly to the maxillary 
and the premaxillary by way of the palatine, the anterior end of which is in syndesmosis 
with the maxillary and the premaxillary. The vomer is also involved in this forward 
movement of the palato-pterygoid bar, as it is firmly connected to the proc. ethmo- 
palatinus. Moreover, it is separated fzom the septum by loose connective tissue 
which apparently does not impede its movement. 


The guadratojugal, composing the lower temporal arch, is rigidly connected 
to the proc. Zygomaticus ossis maxillaris. Its posterior end fits into an antero-lateral 
excavation in the guadrate which permits a limited amount of movement between the 
two structures. 


The beak is rotated dorsally by the forward movement of the guadrate, which is 
transferred directly to the anterior part of the beak by way of the palato-pterygoid 
bar and the lower temporal arch. The amount of dorsal rotation of the beak cannot 
be very extensive, as a true mesokinetic joint is absent. No flexibility is evident in the 
premaxillaries and the maxillaries because they are in syndesmosis and both the proc. 
frontalis and the proc. alveolaris are stout processes. This inflexibility is not only 
observed in the premaxillary but is also the condition in the anterior part of the nasal 
and its two anterior processes. No movement is possible between the nasal and the 
proc. frontalis ossis praemaxillaris which overlaps the proc. praemaxillaris Ossis 
nasalis. 'The proc. maxillaris ossis nasalis is rigidly connected to the maxillary and the 
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proc. alveolaris ossis praemaxillaris. Flexibility in the beak is therefore restricted to 
the posterior end of the nasal and the anterior end of the frontal. 


To sum up: the nestling of Sturnus has the apparatus for kinesis but it is more 
than doubtful whether the gape of the mouth is actually widened by a shifting forwards 
of the primary upper jaw. 


THE NASAL CAPSULE 


In their paper on the skull of the duck, de Beer and Barrington (1934) give a 
survey of the nomenclature employed by different authors for the three turbinals of 
the nasal capsule of birds. Basing their interpretation on the view that “the inwardly 
directed bulge arising from the paranasal cartilage, is the representative of the concha 
nasalis of reptiles” (p. 448), they conclude that it is preferable to use the terms atrio- 
turbinal, maxilloturbinal and concha nasalis. 


In the nestling of Sturnus the nasal capsule is almost entirely cartilaginous. A 
certain amount of ossification has taken place in the septum and in the roof of the 
Capsule posteriorly. The roof of the nasal capsule is complete, and the parietotectal 
cartilage continues laterally downwards to form the side-wall of the capsule. In the 
anterior half the side-wall is complete except for the fenestra narina and is formed by 
the parietotectal cartilage extending downwards lateral to the atrioturbinal (Fig. 9). 
In the region behind the posterior end of the atrioturbinal, the side-wall of the capsule 
does not extend downwards beyond the maxilloturbinal; the result is the exposure of 
the maxilloturbinal laterally (Fig. 3). The fenestra narina, situated antero-laterally, 
is incomplete ventrally. The complete anterior wall for the nasal capsule is formed by 


PRO. FR. O. PR. 
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FIG. 9. 'Transverse section through the nasal capsule and the palatal roof in the region of the 
atrioturbinal. 


AT. TUR., atrioturbinal; MAX., maxillary; PAL ., palatine; PAR. CAR., parietotectal cartilage; 

PRO. ALV. O. PR., processus alveolaris ossis praemaxillaris; PRO. FR. O. PR., processus frontalis 

ossis praemaxillaris:; PRO. MAX. O. NAS., processus maxillaris Ossis nasalis; PRO. PAL. O. PR,., 
processus palatalis ossis praemaxillaris; SEP. NASI, septum nasi. 
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the cupola anterior bounding the fenestra narina. The floor of the capsule is absent. 
Ventral to the cupola anterior a medio-ventral process extends backwards from the 
ventral edge of the septum nasi; it is a remnant of the trabecular bar. A prenasal 
process is absent. 


The lamina orbitonasalis (planum antorbitale) forms the posterior wall of the 
capsule; it is a vertical cartilaginous plate rounded anteriorly. It is situated lateral to 
the nasal septum and ventral to the parietotectal cartilage. The lateral edge of the 
parietotectal cartilage is fused with the dorsal edge of the lamina orbitonasalis (Fig. 
10A), whose lateral edge juts out to the side beyond the side-wall of the capsule. On 
its anterior surface, near its ventral edge, the lamina orbitonasalis has an antero- 
median projection (Fig. 10B). 


ESRA EA DAE ORB. NAS. 
INT.SEP —PIË LAM.ORB. FIS. 


MAX. TUR: 


ANT. PRO LAM. ORB. ANT. PRO. LAM. ORB. 


FIG. 10. Graphic reconstructions of the lamina orbitonasalis: A, posterior aspect; B, anterior 
aspect (` 8:3). 


ANT. PRO. LAM. ORB., anterior process of the lamina orbitonasalis; LAM. ORB., lamina orbito- 
nasalis; MAX. TUR., maxilloturbinal; ORB. NAS. FIS., orbitonasal fissure; PAR. CAR., parieto- 
tectal cartilage; PL. SUP. SEP., planum supraseptale; SEP. NASI, septum nasi. 


The olfactory nerve and the so-called ramus profundus V enter the nasal capsule 
through the orbitonasal fissure (Fig. 5) which is bounded medially by the interorbital 
septum, dorsally by the parietotectal and ventro-laterally by the lamina orbitonasalis. 
On entering the orbitonasal fissure, the r. profundus V divides into a r. medialis nasi 
and a r. lateralis nasi. The r. medialis nasi passes forwards lateral to the septum nasi 
and ventral to the parietotectal. The r. lateralis nasi leaves the orbitonasal fissure 
dorsal to the lamina orbitonasalis and dorso-lateral to the maxilloturbinal. There is 
no epiphaneal foramen, since the r. lateralis nasi does not enter the nasal capsule. 


Stretching downwards from the ventral surface of the anterior parietotectal 
and lateral to the nasal septum, there is along cartilaginous curtain, the atrioturbinal 
(Figs. 9 and 11). ts posterior portion lies lateral to the anterior portion of the 
maxilloturbinal. 'The atrioturbinal is well developed; its ventral edge divides to form 
two secondary lamellae, the outer one of which is anteriorly divided into tertiary 
lamellae (Fig. 9). 


The maxilloturbinal originates anteriorly as a downgrowth from the ventral 
surface of the parietotectal medial to the posterior portion of the atrioturbinal (Fig. 4). 
Posteriorly it becomes the side-wall of the capsule (Fig. 3). The maxilloturbinal has 
approximately one and a guarter whorls. 


`A large foramen in the side-wall of the capsule occurs dorsal to the posterior 
portion of the maxilloturbinal. The dorsal margin of the above foramen is formed by a 
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cartilaginous bar connecting the side-wall of the capsule to the anterior surface of 
the lamina orbitonasalis (Fig. 11). The ventral margin of the foramen is incomplete, 
as the posterior end of the maxilloturbinal is not connected to the lamina orbitonasalis. 
Anterior to the foramen and dorsal to the maxilloturbinal, the side-wall of the capsule 
has a lateral depression (Fig. 10B). No concha nasalis is present. 


LAM.ORB. 
FOR. NAS. CAP. 
FIS. CR.FAC. 


PAR.CAR. 


CUP ANT. 


ot - INT.SEP. 


SEP. NASI 


FiG. 11. Graphic reconstruction of the lateral aspect of the nasal capsule (* 12:5). 


AT. TUR ., atrioturbinal; CUP. ANT., cupola anterior; FIS. CR. FAC., fissura craniofacialis; FOR. 

NAS. CAP., foramen in the side-wall of the nasal capsule; INT. SEP., interorbital septum; LAM. 

ORB., lamina orbitonasalis; MAX. TUR., maxilloturbinal; PAR. CAR., parietotectal cartilage; 
SEP. NASI, septum nasi. 


The nasal septum is not fenestrated; its anterior two-thirds is low, but in the 
posterior region it is constricted ventrally by the fissura craniofacilais (Fig. 11). 
Immediately behind this fissure the nasal septum is triangular in transverse section. 
Posteriorly the nasal septum narrows and extends downwards to merge into the inter- 
orbital septum. The lacrimo-nasal duct originates as two tubes antero-lateral to the 
eye-ball; they then unit to form a single duct passing forwards and inwards round the 
lateral edge of the lamina orbitonasalis. The duct then turns downwards and passes 
the maxilloturbinal ventro-laterally to open into the choana. The opening is situated 
anteriorly, in the side-wall of the choana (Fig. 3). 
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THE NASAL GLANDS 


Marples (1932) has pointed out that Jacobson 's paper (1813) was probably the 
first to deal with the nasal glands of birds. Jacobson compared the nasal glands of 
birds with Stenson's glands in the nasal cavity of mammals. Nitzsch (1820) described 
the position and appearance of the nasal glands of various birds. Different authors, 
e.g. Ganin (1890), attempted to homologise the nasal glands with the vanished (7) 
Jacobsoms organ in birds. Cohn (1903) settled the guestion of Jacobson's organ in 
birds and concluded that it is in no way homologous to the nasal glands. Grewe (1951) 
confirmed this. 

'There is one pair of nasal glands in Sfurnus; they lie dorsal to the orbit and 
lateral to the frontal. Each gland is divided anteriorly into a median and a lateral part 
(Fig. 12) and possesses two ducts, an inner from the lateral and an outer from the 


FR. 
NAS.GL. 


PL.SUP. SEP —2 
MERE SC. CAR. 


H.GL. ? 
MM. 


FIG. 12. 'Transverse section through the anterior portion of the nasal gland. 


FR ., frontal; H. GL., Harder's gland; NAS. GL., nasal gland; PL. SUP. SEP., planum supraseptale; 
SC. CAR., sclerotic cartilage. 


median part of the gland. The inner one opens into the nasal sac, lateral to the lower 
edge of the nasal septum (Fig. 4); it then passes backwards along the septum for a short 
distance. Opposite the anterior end of the vomer it turns sharply to the side, passes 
outwards along the floor of the nasal sac and leaves the nasal capsule through a 
horizontal slit in the posterior end of the atrioturbinal. Passing through this slit, it 
turns slightly upwards and is continued laterally until it reaches the outer duct ventral 
to the lateral edge of the parietotectal. It then turns sharply upwards and backwards 
and has a short expansion before passing over the lamina orbitonasalis. 

The outer duct originates medially to the lower edge of the atrioturbinal, 
passes backwards along the medio-dorsal surface of the atrioturbinal and leaves the 
nasal cavity through the notch between the parietotectal and the posterior end of the 
atrioturbinal, to meet the inner duct. Both ducts pass backwards and slightly upwards 
from this point, ventral to the lateral edge of the nasal, medial to the lacrimal and lateral 
to the capsule. In this region the ducts are accompanied by the r. lateralis nasi and 
a vein. Both ducts leave the region of the nasal capsule by passing backwards, dorsal 
to the planum antorbitale, ventral to the lateral edge of the parietotectal and lateral 
to the point of fusion of the latter two cartilages. 

The ducts divided irregularly and incompletely to give rise to the nasal gland. 
Anteriorly the two parts of the gland are separated by a layer of connective tissue 
joining up with the connective tissue capsule enclosing the gland. Each part of the 
gland is incompletely divided into lobules by trabeculae of connective tissue (Fig. 12). 
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THE COLUMELLA AURIS 


Smith (1905) and Schestakowa (1934) have described the columella auris of 
birds. Crompton (1953), in a very brief description of the columella auris of Sfurnus, 
claims that there is no indication of a proc. infracolumellaris. The present investiga- 


EE proves that a proc. infracolumellaris does occur in Sfurnus (Figs. 13A 
an ! 


R. HYOM. VII 


N. CH. TYM. 


PRO EXT.COL. d EX.COL. 
PRO. INF. COL. / Ee M 
saoExr co A SP PRO SUP COL. 
CP—STML PUT 
Ls HUX. FOR. 
A B 
FIG. 13. Graphicreconstruction of the columella auris: A, lateral aspect; B, ventral aspect ( 25). 


EX. COL., extracolumella; FPL., footplate of the stapes; HUX. FOR., Huxley's foramen; N. CH. 

TYM., nervus chorda tympani; PRO. EXT. COL., processus extracolumellaris; PRO. INF. COL., 

processus infracolumellaris; PRO. SUP. COL., processus supracolumellaris; R. HYOM., ramus 
hyomandibularis VII; ST., stapes; STYL., stylohyal. 


' The columella auris of Sturnus is typically avian. It consists of an inner bony 
stapes (otostapes) apposed to the fenestra ovalis, and an outer cartilaginous extra- 
columella (hyostapes) united to the stapes proximally and attached distally to the tym- 
panic membrane. There is no joint or visible demarcation, other than histological, 
between the stapes and the extracolumella. The former is in the form of a rod widening 
at its median end to form the footplate pressing against the membrane closing the 
fenestra ovaljs. Distally the stapes merges into the extracolumella which is more 
complicated and consists of a body and three processes: a proc. extracolumellaris 
(proc. extrastapedialis), proc. infracolumellaris (proc. infrastapedialis), and a proc. 
supracolumellaris (proc. suprastapedialis or proc. dorsalis). The proc. extracolumel- 
laris occurs as a well-developed antero-lateral prolongation of the extracolumellar 
body. It is attached distally to the tympanic membrane. The proc. infracolumellaris 
is a long, slender, cartilaginous rod projecting antero-medially and ventrally. lt 
originates from the antero-ventral surface of the extracolumella and its free end reaches 
the tympanic membrane. 'The proc. supracolumellaris is a well-developed, postero- 
dorsally projecting process and is laterally flattened. `'Huxley's foramen” is situated 
at the base of the proc. supracolumellaris. According to Crompton (1953) the proc. 
supracolumellaris consists of a proc. supracolumellaris medialis and a proc. supra- 
columellaris lateralis which are fused to form the supracolumellar arcade. 

Ventral to the free end of the proc. infracolumellaris a small piece of cartilage 
is located and probably represents a persistent stylohyal (Fig. 13A). 
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Smith (1905) describes the course of the n. chorda tympani in the middle ear 
of Columba and concludes that “this course of the chorda tympani has been confirmed 
by means of serial sections in a late embryo of the starling”. The present investigation 
shows that in Sturnus the disposition of the chorda tympani differs slightly from that 
described by Smith for Columba. 

The r. hyomandibularis VII “enters” the middle ear through a foramen antero- 
dorsal to the fenestra ovalis. It traverses the cavity of the middle ear, passes backwards 
and outwards, dorsal to the stapes and then downwards posterior to the stapes and 
medial to the proc. supracolumellaris. Ventral to the free end of the proc. supra- 
columellaris, the so-called n. chorda tympani branches off from the r. hyomandibularis, 
turns forwards and upwards and passes the extracolumella lateral to the proc. supra- 
columellaris, dorsal to the proc. extracolumellaris and medial to the tympanic 
membrane. It then turns downwards to reach the postero-ventral surface of the 
guadrate (Fig. 13A). 


THE LOWER JAW 


Gaupp (1911) states that apart from the articular, the following bony elements 
are known in the lower jaw of birds: angular, surangular, complementary, opercular 
and dentary: “das Goniale scheint iberall zu fehlen” (p. 453). Gadow (1891) mentions 
only four bones in the lower jaw of birds; this account is probably based on observa- 
tions on the fowl. W. K. Parker (1869) pointed out that there occurs in the lower jaw 
of the fowl one fewer bony element than in other birds. ““The fowl is exceptional in 
possessing no *coronoid' piece” (Parker, 1869, p. 790). Magnus (1870) and Suschkin 
(1899) described this element in Fullica astra and in Tinnunculus respectively, and inter- 
preted it as a “complementary”. According to Voit (1924) the membrane bone called 
a complementary by Gaupp and others, is a gonial, and he identifies it in 7Turdus 
merula. His assertion is based on the position of the bone and its relation to neigh- 
bouring structures. 

The following membrane bones occur in the lower jaw of Surnus: dentary, 
splenial (opercular), gonial (complementary), angular and surangular (Figs. 14A and 


PRO. ART. INT. MCAR 


PRO ART. POST 
A DEN. MCAR. SPL. GON. ANG. 


PRO. ART. INT. n MECAR. 


PRO. ART. POST. 


B M CAR. DEN MCAR.  ANG. 


FIG. 14. Graphic reconstruction of the lower jaw: A, medial aspect; B, lateral aspect. ( 5). 


ANG., angular; DEN., dentary; GON., gonial; M. CAR., Meckel's cartilage: PRO. ART. INT., 
processus articularis internus; PRO. ART. POST., processus articularis posterior; $. ANG., sur- 
angular; SPL., splenial. 
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14B). These bones surround the central canal in which lie Meckel's cartilage, the r. 
mandibularis V, the so-called n. chorda tympani, a branch of the internal carotid 
artery, and a vein. In the nestling the different bony elements are in syndesmosis, 
except for the gonial and angular which show incipient synostosis. 


The left and right dentaries do not join anteriorly, but are separated by a 
vertical, cartilaginous disc, formed by the fusion of the anterior ends of Meckel's 
cartilages. 'The dentary extends backwards lateral to Meckel's cartilage for about 
half the length of the mandible, and has a ventro-posterior tapering elongation 
reaching far backwards and lying lateral to the tapering anterior portion of the 
angular. The dentary covers the anterior half of Meckel's cartilage dorso-laterally, 
laterally, and ventro-laterally. Dorsal to Meckel's cartilage the dentary and sur- 
angular are rigidly connected by means of interdigitating processes (Fig. 15A). 


DEN. 
S. ANG. 


R.MAND. V 
DEN. 


M. CAR. 


A MM. 


FiG. 15. 'Transverse sections through the lower jaw: A, in the middle region; B, in the prearticular 
region; C, in the articular region. 
ANG., angular; ART., artery; DEN., dentary; GON., gonial; M. CAR., Meckel's cartilage; 
M. IM., musculus intermandibularis; PRO. ART. INT., processus articularis internus; OJ., gauadra- 
tojugal; OUAD., aguadrate; R. MAND. V, ramus mandibularis V; $. ANG., surangular; 
SPL., splenial; VN., vein. 


The surangular broadens posteriorly and covers the posterior half of Meckel's 
cartilage dorso-laterally and laterally. It is bordered ventrally by the angular. 


Midway along the length of the mandible the splenial is located. It is a thin 
bony plate covering Meckel's cartilage medially up to the gonial. Dorsally it is 
bordered by the dentary and ventrally by the angular (Fig. 14A). 
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The angular is present as a bony sliver ventral to the anterior end of the 
splenial. It broadens slightly and gradually slants downwards to form the ventral 
border of the posterior portion of the mandible (Fig. 14A). Posteriorly the angular 
is fused to the gonial along its medio-dorsal rim (Figs. 14A and 15B); dorso-laterally 
it is bordered by the surangular. 


The gonial covers the posterior half of Meckel's cartilage medially. Its tapering 
anterior portion lies between the splenial and the dentary, medio-dorsal to Meckel's 
cartilage (Fig. 14A). Posteriorly it is fused with the angular. 
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The posterior portion of Meckel's cartilage has not yet ossified to form the 
articular; it shows signs of perichondral and enchondral ossification. A backwardly 
projecting proc. angularis posterior (proc. articularis posterior) is present. The proc. 
angularis internus (proc. articularis internus) occurs on the median surface of Meckel's 


PRO. ART. POST. 


FOSS. OUAD. 


PRO. ART. INT. 


FiG. 16. Graphic reconstruction of the dorsal aspect of the pars articularis cartilaginis Meckelii 
(be 83) 
FOSS. OUAD., fossa for articulation with the guadrate; PRO. ART. INT., processus articularis 
internus; PRO. ART. POST., processus articularis posterior. 


cartilage (Fig. 16). It projects inwards, upwards, and slightly backwards, and takes 
part in the formation of the articular fossa for the base of the guadrate (Figs. 15C 
and 16). Lateral to the fossa, the dorsal surface of Meckel's cartilage is flattened and 
probably forms a sliding surface for that part of the guadrate receiving the guadrato- 
jugal (Fig. 15). 


The r. mandibularis V, the so-called n. chorda tympani, and the artery and 
vein enter the central canal through the slit between the posterior portions of the 
angular and the gonial and pass forwards, dorso-lateral to Meckel's cartilage. The 
r. mandibularis V leaves the central canal through a horizontal, slit-like fora men in 
the dentary (Fig. 14B), passes forwards lateral to the latter, and re-enters the mandible 
through a small foramen in the dentary near to the anterior end of the latter. A branch 
of the r. mandibularis V leaves the central canal through a foramen in the surangular, 
and is accompanied by a branch of the artery running in the canal. 


THE HYOID 


Firbringer's nomenclature (1922) is employed. 

Gaupp (1905) gives a description of the structure and development of the 
hyoid in some avian orders. In a paper on the hyoid of birds, Fiirbringer (1922) 
correlates the nomenclatures employed by different authors. 


The hyoid of birds consists of the following: a long, unpaired corpus (copula) 
consisting of usually fused copula I and copula II, and paired cornua branchialia 1, 
each consisting of a proximal hypobranchial (ceratobranchial of Suschkin, 1899), 
and a distal ceratobranchial (epibranchial of Suschkin, 1899). The paraglossum does 
not belong to the hyoid, but is a “new” structure (Kallius, 1905; Crompton, 1953; 
Engelbrecht, in press). It apparently originates as a paired structure and may remain 
so throughout life, or the two halves may fuse to form a single structure. 
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The hyoid of Sturnus is typically avian (Fig. 17). The paraglossum is a paired 
structure: each bar is a long, slender, cartilaginous rod, slightly flattened dorso- 
ventrally. At a point about one-third of its length from the posterior end, each bar 
has a median eminence by which it articulates with the dorso-lateral surface of copula T 


FIG. 17. Ventral aspect of the hyoid (5). 
COP. 1, copula T; COP. IT, copula II: COR. BR. 1, cornu branchiale T:; PARAGL., paraglossum. 


near to the anterior end of the latter. The two bars approximate anteriorly but do not 
touch each other. They extend backwards almost as far as the middle of the copula 
which lies medial to them (Fig. 17). 


The copula, consisting of a fused copula | and copula IT, is flattened laterally. 
Its anterior portion lies between the posterior halves of the bars. Midway along its 
length, the copula is constricted laterally, forming an articular fossa for the hypo- 
branchial on either side. Posteriorly the copula is flattened dorso-ventrally and has 
a small anteriorly directed process on each side (Fig. 17). The copula is cartilaginous. 


The hypobranchial and the ceratobranchial are fused to form a long, slender, 
rod-like cornu branchiale 1, the middle portion of which is in an advanced stage of 
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perichondral and enchondral ossification whereas its terminal portions are carti- 
laginous. There is no demarcation between the two elements. The posterior third of 
the cornu branchiale I curves upwards, and its posterior end slightly inwards. The 
cornua branchialia extend backwards and slightly outwards from the copula in the 
form of a V (Fig. 17). 


Evidence emerging from the study of the palate of Sfurnus seems to indicate 
that the different palatal types, as defined by Huxley (1867), cannot be taken as a 
primary basis for the classification of Aves. Huxley's “aegithognathous” group 
includes forms like S7urnus, which can be regarded as a “schizognathous” type with 
a broad vomer. 

lt may be profitable in this connexion to guote what Parker (1876, p. 111) has 
to say about the problem: “*... if it had been possible I should have sought to make 
“Aegithognathous' run parallel to the “Coracomorphae'; but Nature herself forbids 
this. Yet it is some gain to have been able, as Professor Huxley has done, to take in 
lamp nearly half the myriad of known birds, to show that all these are “Aegithogna- 
thous', and to call them by the name of the commonest and yet one of the highest of 
the group, namely, the Crow. Here the zoological group cannot be made to hold all 
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the morphologically agreeing types, the `symmorphs” ””. 


SUMMARY 


The concha nasalis is absent. 
Well-developed atrioturbinals and maxilloturbinals are present. 
There is no processus praenasalis. 
The foramen epiphaniale is absent. 
The septum is no fenestrated, but a large fissura craniofacialis occurs. 
The palate is “aegithognathous” but can be regarded as functionally 
“schizognathous”. 

7 'The vomerine prongs are in syndesmosis with the processis ethmopalatini. 

8 The vomer is a broad bone, abruptly truncated in front and deeply cleft 
behind to form two slender prongs. 

9 There is no actual synovial cavity developed between the guadratojugal and 
the guadrate. 

10 The skull is apparently weekly kinetic in spite of possessing the complete 
avian kinetic apparatus. 

11 A true mesokinetic joint is absent. 

12 The m. protractor pterygoidei is not yet (?) differentiated into a m. pro- 
tractor pterygoidei s. str. and a m. protractor guadrati. 

13 The guadrate has the typical proc. orbitoguadratus. 

14 The columella auris is typically avian and possesses all extracolumellar 
processes. 

15 A gonial occurs in the lower jaw. : 

16 Posteriorly Meckel's cartilage has a well-developed proc. angularis posterior 
and a proc. angularis internus. 

17 The hyoid is of the usual avian type. 

18 The “paraglossum” is a paired structure. 


OU BULDER 
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Abstract 


The purpose of this study was to determine the functional and anatomical changes of the palate 
in ontogeny, and the histological relationships between the bones concerned, especially as far as 
cranial kinesis is concerned. It was found that the palate of Nyctisyrigmus pectoralis pectoralis does 
not guite fit into any of the usual types described by Huxley. Although Nyctisyrigmus pectoralis 
pectoralis is “carinate” its palate takes on a dromoeognathic appearance in the adult. Cranial kinesis 
is restricted. The nasal capsule, nasal glands, columella auris, hyoid skeleton and lower jaw are 
described. 
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HISTORICAL INTRODUCTION 


The first modern works on the morphology of the avian palate are those of 
W. K. Parker (1862), Huxley (1867) and Fiirbringer (1888), of whose work Marinelli, 
who treated the avian skull in the big “Handbuch der Vergleichenden Anatomie der 
Wirbeltiere” of Bolk, says under “Kiefer-Gaumenapparat und Bewegungen im 
Schidel”: “Die genaueste Durcharbeitung des ganzen Materials findet sich in dem 
Werke Fiirbringers (1888), der dannt zugleich die groszen systematischen Schwichen 
dieser Merkmale klarlegte” (p. 830). The views expressed by Fiirbringer are now 
generally accepted by zoologists. All these workers, however, limited their attention 
to anatomy and general topography, and paid no attention to cranial kinesis. In 1912 
Versluijs's work on kinesis appeared, in which he initiated this new line of investi- 
gation. Gadow and Nitzsch, long before Versluijs, appear to have been aware of the 
possibilities or the actual occurrence of kinesis. Lubosch (1929) touched on the 
cranial kinesis of Caprimulgus in a study more concerned with conditions prevailing 
in this genus for the theo1y of Reichert. It has since become increasingly evident that 
the problem of kinesis is of greater significance for cranial morphology than was 
originally expected; this applies particularly to the muscles concerned. (Cf. Hofer, 
1949, p. 213.) 


Works like that of Huxley (1867) aimed at finding a broad taxonomic basis for 
birds. Gadow (1891) in his account for “Bronns Klassen und Ordnungen”', gives a 
complete list and review of all previous classifications of birds, including those of 
Merrem (1813) who was the first to divide the class into “Carinatae” and “ Ratitae” 
(p. 11). Because the “ Ratitae” were then considered the most primitive birds, interest 
was mainly focused on them. Probably because cranial kinesis is so limited in this 
group, it received no special attention. In the “Carinatae”, on the contrary, kinesis 
is very important, because in these birds it has a special function, that of enabling the 
beak to be opened widely, a condition correlated with the feeding habits. 


Huxdey's classification was based on the topography of various bones of the 
palate. Under the “Ratitae” he grouped all the ““ostrichlike” birds, and under the 
““Carinatae” the rest. He then subdivided the latter group into “Schizognathae”, 
“ Desmognathae” and “Aegithognathae”. The tinamous which he placed in a special 
suborder, the “Dromoeognarhae”, he also grouped under the order “Carinatae”, 
although he admitted that they were “the most Struthious of all Carinate birds” 
(p. 425), but strangely enough he never coined a word expressing the negative dromoeo- 
gnathic condition. 


In 1862 (bound volume dated 1866) W. K. Parker had already decided that the 
tinamou should be grouped with the ostrich-like birds, ie., the `Ratitae”, and 
Huxley was guite aware of this. W. K. Parker has since been supported in this 
classification of the tinamou by Craigie (1940) and de Villiers (1946). 


Pycraft (1900), while emphasizing that the dromoeognathous palate is the only 
distinct type, suggested that the “ Ratitae” and “Crypturi” be placed in his “Palaeo- 
gnathae” which he believed to be polyphyletic (p. 267-269), and that the “Carinatae” 
be called “Neognathae”. De Villiers (1946) in his work on the tinamou has a full 
discussion of this nomenclature. In 1862 T. J. Parker discussed shortly the origin and 
relationships of the “ Ratitae” (p. 423). Gregory (1916) summarises (p. 38), the evidence 
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for a monophyletic origin of the class Aves, with the tinamous forming a link between 
“ Ratitae” and ““Carinatae”. Heilmanm's “Origin of Birds” (1926), further discusses 
the problem. 


The essential difference between the “Dromoeognathae” and the Adromoeo- 
gnathae is, according to Huxley, that in the former the pterygoid makes contact with 
the vomer and has a long suture with the palatine, while in the latter the pterygoid 
has contact with the parasphenoidal rostrum, and articulates with the palatine by 
means of a joint, from which the pterygoid and the vomer are excluded. 


The pterygoid in many nestlings of Adromoeognathae actually or very nearly 
touches the vomer (this applies to Npctisyrigmus pectoralis pectoralis), but its front 
end is supposed to have fractured and fused with the palatine to form Parker's 
mesopterygoid or Pycrafts hemipterygoid. This means that in the adult the ptery- 
goid does not touch the vomer, even though the Adromoeognathae pass through a 
“dromoeognathic” stage. 


G. R. de Beer (1937) thinks that evidence gained from palatal development 
cannot be taken as proof of the primitive nature of Pycraft's so-called “Palaeognathae”, 
because they remain in a state of development through which the “ Neognathae” pass, 
ie, a fundamentally neotenic condition. 'The same applies to the permanence of 
sutures between bones in many “Palaeognathae”', because fusion of bones in “Neo- 
gnathae” and some “Palaeognathae”' is always related to the pneumaticity and rigidity 
which in their turn affect flight. 'This process of fusion is remarkably extensive in 
N yctisyrigmus pectoralis pectoralis. In concluding his discussion of the above and other 
evidence, de Beer decides that: “the so-called paleognathous forms are not more, but 
less primitive than the neognathous forms” (p. 464). 


The different types into which Huxley divided the “'Carinatae” are not very 
distinct, but merge into one another. He defined the schizognathous type as having 
fairly large, completely fused vomers. The palatines are fused with the premaxillaries 
and articulate posteriorly with the pterygoids, both being in contact with the para-- 
sphenoid rostrum. The pterygoids do not touch the vomer. The palatine processes of 
the maxillaries are separate. 


The aegithognathous palate is a subtype of the schizognathous type, but has. 
the vomer truncated anteriorly, with the palatines extending forwards ventral to the 
palatine processes of the maxillaries. These two types appear to be a modification 
of the dromoeognathous (paleognathous) type, while the desmognathous type is 
another modification of the schizognathous type. This shows the inadvisibility of” 
taking Huxley's palatal types as primary basis for the classification of birds. 


Huxdey defined the desmognathous type as follows: “Tn these birds the vomer 
is often either abortive, or so small that it disappears from the skeleton. When it 
exists it is always slender and tapers to a point anteriorly. 'The maxillo-palatines. 
are united across the middle-line, either directly or by the intermediation of ossifica-- 
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tions in the nasal septum. The posterior ends of the palatines and the anterior ends 
of the pterygoids articulate directly with the rostrum”. 


There is no general agreement as to which families should be included under the 
Caprimulgiformes. Usually these families are the Caprimulgidae, which are the most 
important, the Podargidae and the Steatornithidae. Stresemann (1927) adds the 
Nyctibiinae and the Aegothelidae. W. K. Parker (1876) says that the agreements and 
disagreements of the different families suggest that they represent what were once large 
subfamilies, but their common characters show that they belong to a “highly natural” 
group (p. 126). When, as will be shown later, it is noted that Nyctisyrigmus pectoralis 
pectoralis possesses characteristics reminding one of all Huxley's palatal types, the 
above-mentioned disagreements can be understood. Firbringer (1888) gives a list 
of all these classifications and a scheme of the probable interrelations. According to 
him the palatal type is either schizognathous or desmognathous. Stresemann considers 
all Caprimulgiformes aegithognathous except for the Podargidae, which are desmog- 
nathous. 


The purpose of the present study was to determine the functional and anato- 
mical changes of the palate in ontogeny, and the histological relationships between the 
bones concerned. It was found that the palate of Nyctisyrigmus pectoralis pectoralis 
could hardly be considered to fit any of the usual types described by Huxley. 


MATERIAL AND TECHNIOUE 


For the material used in this investigation | am indebted to Dr. M. E. Malan 
of the Zoological Institute of the University of Stellenbosch who supplied the heads 
of two relatively late embryos, two nestlings and an adult skull. The heads were bulk- 
stained in borax-carmine and then imbedded. The head of one embryo was microto- 
mized in transverse sections of 12p. The nasal capsule of one nestling was also microto- 
mized in sections of 12p and the rest of its head in sections of 15v. All the series were 
counterstained in Azan. The adult skull was left intact, but proved very useful for 
purposes of comparison. Graphic reconstructions were made either by the projection 
or by the contour methods described by Pusey (1939). A wax model of the nasal 
capsule of the embryo made by Frank (1954) was found to be very useful. 
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OWN INVESTIGATIONS 


TOPOGRAPHY OF PALATAL BONES AND POSSIBLE MOVEMENTS TAKING PLACE DURING 
KINESIS 


In Nyctisyrigmus (or Caprimulgus) pectoralis pectoralis the temporal arch, 
which Marinelli describes as: “. . . sehr zart in weichschnibligen Formen wie Colum- 
bidae, manchen Passeres, besonders aber Caprimulgus .. .””, is joined anteriorly to 
the maxillary. The rest of the palate which excludes the maxillary, is joined only to 
the inner and lower side of the maxillary by Parker's “prepalatine bar”. All these 
Connexions are syndesmotic in the embryo and nestling. The two halves of the palate 
become joined to each other, thereby forming a complete skeletal unit. 


The basipterygoid joint is synovial. 'The so-called processes besipterygoideus 
itself is so situated as to point obliguely outwards and downwards. 'The articular 
facet is therefore similarly situated, and the simple forward pull exerted on the ptery- 
goid by the musculus pterygoideus may conseguently be expected to be converted 
into an antero-dorsal movement, as compared with a simple forward movement behind 
the joint. H. L. Kesteven (1941) maintains that this process in birds is not identical 
with that in Dinornithidae or reptiles. According to him it is in reality an articular 
facet developed late in embryonic life on the ventro-lateral aspect of the trabecula 
communis. lts development is in response to mechanical stresses; conseguently it 
is not phylogenetically important. Where the pterygoid does not need support the 
process is not developed. A true basipterygoid process is developed or retained to 
give rigidity to the upper jaw (Kesteven, 1941). 
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FiG. 1. 'Transverse section showing the pterygo-palatine connexion and the attachment of the 
musculus protractor pterygoidei. 
M.A.M.P., musculus adductor mandibulae posterior; M.PROT. PT., musculus protractor ptery- 
goidei; M.PS., musculus pseudotemporalis; M.PT., musculus pterygoideus; M.PT.V., musculus 
pterygoideus ventralis; PL.S., pleurosphenoid; PTER., pterygoid; O., guadrate; R.MAND., ramus 
mandibularis V; SEC.C., secondary cartilage. 
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The very strong syndesmotic connexion between pterygoid and guadrate in 
Nyctisyrigmus pectoralis pectoralis (Fig. 1), is such that it does not allow of any mutual 
movement whatsoever. The pterygoid and the palatine are joined tightly by means of 
syndesmosis in the embryo and nestling (Fig. 2), but in the adult this has changed into 
synostosis. The anterior end of the pterygoid overlaps the palatine latero-dorsally in 
a slight concavity on the dorsal surface of the latter bone. The two palatines and the 
pterygoids in the nestling are joined at this spot by a cartilaginous bridge common to 
both sides, and situated ventral to the parasphenoidal rostrum (Fig. 2). This bridge, 
of which there is no indication in the embryo at my disposal, is probably what Gaupp, 
de Beer and others call a neomorphic cartilage, which they believe develops in response 
to some strain. Between this cartilage and the parasphenoidal] rostrum there is an open 
arthrodium. W. K. Parker (1876) also found this bridge in Caprimulgus europeus 
between the upper or orbital processes of the palatines, which he calls the “ethmo- 
palatine bars”. These broaden rapidly and meet by suture at the midline. Parker 


FIG. 2. 'Transvers section showing neomorphic cartilage connecting pterygoids and palatines below 
the parasphenoidal rostrum. 


M.PAL., mediopalatine; M.PT.V., musculus pterygoideus ventralis; PAL., palatine; PTER,., 
Pterygoid; R.P., parasphenoidal rostrum; SEC.C., secondary cartilage; S.N., septum nasi. 


found that the cartilaginous bridge which has also been described in the Picidae and 
the Cuculinae, ossifies to form a “mediopalatine”. 'The ossification of this cartilage 
in the nestling of Nyctisyrigmus pectoralis pectoralis is about to start, as can be seen 
by the rupture of the periosteum adjacent to the palatine on its medial side where it is 
confiuent with the cartilage. From this rupture osteocytes will invest the cartilage 
causing perichondral ossification .The purpose of the cartilage is probably to give 
rigidity to the palate. Actually it seems to serve here as an ordinary joint cartilage in 
what is a sliding surface for the pterygo-palatine bar beneath the rostrum. De Beer 
(1937) considers the “medio-palatine” of Parker to represent the fused vomers which, 
as was the fashion at that time, he calls “prevomers”, but in Nyctisyrigmus pectoralis 
pectoralis it is clear that this cannot be true; especially since the bone in guestion is 
cartilage bone and the vomer is a membrane bone. 

W. K. Parker (1877) in his work, “On Aegithognathous Birds” Part 2, says: 
“Tt is characteristic of the Carinatae, .. . that ..., the pterygo-palatine bars, should 
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approximate beneath the great trabecular beam. In most cases they meet and are then 
united by strong ligaments gliding beneath the fused elements of the trabeculae” 
(p. 301). Parker found that they coalesce extensively beneath the beam in some birds, 
such as storks and pelicans; in others (e.g. the barn ow) a “key-stone piece or com- 
missural element”, which is usually the fusion of a pair of ossifications (mesoptery- 
goids, is formed. Alternatively the “medio-palatine” may be a permanently azygous 
bone as in woodpeckers, or it may be in two pieces as in Caprimulgus. In his study of 
the fowl (1869) Parker maintains that in the development of the pterygo-palatine bar 
he discovered the existence of hyaline cartilage in several parts of the bar. He describes 
how in the woodpecker (Picus viridis) the inner edge of the palatine does not ossify 
from the main bony rod, but develops into hyaline cartilage, coalesces with its counter- 
part on the other side and then slowly and feebly ossifies by endostosis (1869). This. 
is similar to the process which takes place in Nyctisyrigmus pectoralis pectoralis. 


The two cartilaginous menisci found on the basipterygoid process and the 
pterygoid in the basipterygoid joint cannot be homologized with the meniscus ptery- 
goideus found in Lacertilia, because the basipterygoid joint in birds is a secondary 
development. |In the embryo investigated the basipterygoid process is still in its 
cartilaginous ““mould”', since it has not yet ossified. The synovial cavity in the basi- 
pterygoid joint has only just appeared on one side, while on the other its place is still 
taken by connective tissue, the cartilaginous menisci not yet being developed. They 
too can be explained as secondary (neomorphic?) cartilage developing in positions of” 
friction or strain, as an adaptation to resistance to these strains. 
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FiG. 3. 'Transverse section through the nasal capsule and the palatal roof at the anterior end of the- 
vomer. 


A.N.P., alinasal plate; D. NASO.L., ductus nasolacrimalis lateralis; D.NASO.M., ductus naso— 
lacrimalis medialis; MX., maxillary; M.X.T., maxilloturbinal; N.SAC., nasal sac; P.ALV., processus 
alveolaris ossis praemixillaris; PAR.CAR; parietotectal cartilage: P.FR,., processus frontalis ossis 
praemaxillaris; P.MX., processus maxillaris ossis nasalis; P.MYX.-PAL., processus maxillo-palatinus. 
Ossis maxillaris; P.PNDC,, processus praemaxillaris ossis nasalis; PR.PAL.B., prepalatine bar: 
R.L.N., ramus lateralis nasi Va; R.M.N., ramus medialis nasi Va,, SEC.C., secondary cartilage-. 

S.N., septum nasi; V., Vomer. 


186 


Secondary cartilage appears also in the anlagen of membrane bones. It arises 
independently of the primary cartilage of the chondrocranium (Weidenreich, 1928). 
Sometimes it does not differ essentially from ordinary cartilage (Fig. 2). But when it 
occurs as meniscal cartilages on membrane bones, it usually differs from ordinary 
cartilage, (Cf. Schaffer and Weidenreich). It is also discussed by Kêlliker, Gaupp, de 
Beer, Weidenreich and others. The lacunae are large, and there is very little inter- 
cellular matrix. On the periphery the lacunae are fusiform, but gradually attain a 
polyhedrai shape towards the centre. They have large, granular nuclei and rapidly 
become converted into bone. The wide-spread appearance of secondary cartilage in 
membrane bones compels one to believe that it is morphologically guite independent 
of the primary cartilage of the chondrocranium and appears as an adaptation to 
resistance to strains and stresses on the part of the membrane bones. Such secondary 
cartilage presents a remarkable resemblance to hypertrophic cartilage which develops 
in those parts of ordinary cartilage where ossification subseguently takes place. Fells' 
experiments (Cf. de Beer, 1937) lend support to the view that both secondary and hyper- 
trophic cartilage are special histological manifestations of those cells which normally 
produce bone. Secondary cartilage is associated with membrane bone, and hyper- 
trophic cartilage with cartilage bone. 


SEG.€. 
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FIG. 4. 'Transverse section through the palatal roof in the region of the maxillo-palatine process of” 
the maxillary and the front end of the vomer, showing secondary cartilage and syndesmosis. 


M.X.T., masxidlloturbinal; P.M)XC.-PAL., processus maxillo-palatinus; R.M.N., ramus medialis nasi 
Va; S., syndesmosis; SEC.C., secondary cartilage; S.N., septum nasi; TRAB.V., trabecular vestige; 
V., vomer. 


Secondary cartilage, also called vesicular chondroid bone by Schaffer (Cf. 
Weidenreich, 1928 and de Beer, 1937), is guite common, especially in mammals. In 
the formation of the perichondral bone of a diaphysis and the cartilage of an ossifying 
epiphysis, calcified connective tissue forms a framework which may become incor- 
porated in the bone. Weidenreich (1928) maintains (Cf. de Beer, 1937) that the réle 
of secondary cartilage in ossification of membrane bone is the same as that of the 
above-mentioned strands of calcified connective tissue fibres. Whether secondary 
cartilage can be directly transformed into bone, is apparently uncertain, but Fell 
claims that the possibility does exist (Cf. de Beer, 1937). In this connexion it may be 
noted that Ham (1950) states that the inner layer of the periosteum retains its ability 
to differentiate into chondroblasts and form cartilage, even in adult life. The relatively 
undifferentiated inner Jayer of the perichondrium or periosteum can, by proliferation 
and differentiation, form either chondroblasts which develop into cartilage cells, or 
osteoblasts which develop into osteocytes. 
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FIG. 5. 'Transverse section through the basipterygoid joint. 


EYE M., eye muscle; M.PT., musculus pterygoideus; M.PT.V., musculus pterygoideus ventralis; 
PTER., pterygoid; S.C., sclerotic cartilage; $.CAV., synovial cavity; SEC.C., secondary cartilage. 


Because a histogenetic series was not available the development of secondary 
cartilage could not be investigated in Nyctisyrigmus pectoralis pectoralis. It is not 
yet represented in the embryo investigated and its development must therefore take 
place either in late embryonic life or in young nestlings. 
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FIG. 6. 'Transverse section showing articulation of the antero-lateral head of the processus oticus 
of the guadrate with the sguamosal. 
ANT.LAT.P.O., antero-lateral head of the processus oticus; A.STAP., arteria stapedialis; PAR .R. 
COMM., parasympathetic ramus communicans ganglion cervicale and Vb; P.O.C., postorbital 
cartilage; S.CAV., synovial cavity; SEC.C., secondary cartilage; SO., sguamosal. 


A nodule of secondary cartilage was described in the pterygoid of the pigeon 
by F. strasser (Cf. de Beer, 1937, p. 502). According to Gaupp (Cf. de Beer, 1937, 
p. 351) secondary cartilage appears extensively in the mammal Galeopithecus. Tn 
Nyctisyrigmus pectoralis pectoralis its appearance is as extensive as in Galeopithecus. 
The positions in which secondary cartilage appears are: (1) on the maxillo-palatine 
processes and the vomer at their future articulatory surfaces (Figs. 3 and 4); (2) on the 
palatines where they are joined by the mediopalatine cartilaginous bridge (Fig. 2); 
(3) on the pterygoid anterior to the pterygo-guadrate articulation and at the basiptery- 
goid arthrosis (Fig. 5) and (4) on the sguamosal at its articular facet for the otic process 
of the guadrate (Fig. 6). These positions seem to indicate that the contention of Gaupp, 
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de Beer, Weidenreich and others, according to whom secondary cartilage is formed as 
an adaption to resistance to strain and stress, is correct. 


PETHPAL. 
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FIG. 7. 'Transverse section through the palate showing contact between the vomer and the pterygoid 
above the palatine. 


1O.S., interorbital septum; M.O.I., musculus obliguus inferior; PAL., palatine: P.ETH.PAL., 

ethmopalatine process of the palatine; P.I.PAL., interpalatine process of the palatine; P.T.PAL., 

transpalatine process of palatine; $.C., sclerotic cartilage; S.CAV., synovial cavity; V.P., vomerine 
prong. 


The bifurcated hind end of the vomer lies ventro-lateral to the front end of the 
parasphenoidal rostrum (Fig. 7). 'The “nose” of the vomer is undivided (Fig. 8). 
W. K. Parker (1876) describes a fully divided vomer in the nestling of Caprimulgus 
europeus. |t seems possible therefore, that in an early embryonic stage of Npycti- 
syrigmus pectoralis pectoralis the vomer is in the form of two separate bony splints, 
but in the embryo investigated, fusion of the two splints has already taken place. In 
the nestling the gap between them is already closing, and in the adult they have united 
and acguired a long ventral keel as in Caprimulgus europeus (Parker, 1876). 'The 
posterior prongs of the vomer lie on the same dorsal plane as the ethmopalatine 
processes, except for their hindmost portions which, because of the inward rotation of 
the ethmopalatine processes, lie dorsal to the latter. The same condition is found in 
the embryo, except that because the vomer has not yet reached its full length posteriorly 
it conseguently does not attain a position dorsal to the processus perpendicularis of 
the palatine, but remains medio-dorsal to it. A medially facing concha is formed in 
each palatine by what W. K. Parker calls a “processus ethmopalatinus”, which is 
an overhanging ledge on the medio-dorsal side of the palatine, and by the “processus 
interpalatinus” (W. K. Parker, 1876), which is a corresponding ledge on the medio- 
ventral side of the palatine. This latter process which will not increase much in size, 
is united by a ligament to the processus maxillo-palatinus of the maxillary. Anteriorly 
the process is continued much further than the ethmopalatine process, but it is narrower 
than the latter and arises a little anterior to it (Figs. 8 and 9); being duite long, it 
has an anteriorly directed spur on the ventro-lateral face of the vomer in the embryo, 
nestling and adult. Both these Jedges spring from the processus perpendicularis 
which is more prominent in the embryo than in the nestling. 
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FIG. 8. Graphic reconstruction of the ventral aspect of the palate (X 7-4). 
J., jugal; M.PAL,., mediopalatine; MX.S., maxdllary spur; P.-ALV., processus alveolaris ossis prae- 
maxillaris; P.B.PTER., processus basipterygoideus; P.ETH.PAL., ethmopalatine process of the 
palatine; P.FR., processus frontalis ossis praemaxillaris; P.LPAL., interpalatine process of the 
palatine; P.MX.-PAL., processus maxillo-palatinus ossis maxillaris; PRMX., premaxillary: PR.PAL. 
B., prepalatine bar; PTER., pterygoid; P.T.PAL., transpalatine process of the palatine; P.ZYG., 
processus Zygomaticus ossis maxillaris; P.ZYG.L.P., long prong of the processus Zygomaticus; 
P.ZYG.S.P., short prong of the processus Zygomaticus; @., guadrate; OJ., guadratojugal; R.P., 
parasphenoidal rostrum; V., vomer. 


The cartilaginous bridge which connects the palatines and pterygoids in the 
nestling has become ossified in the adult and lies immediately behind the ethmopalatine 
process of each palatine. In the adult, too, the vomer has become fused to the ethmo- 
palatine processes. This also takes place in Corvus frugilegus of which W. K. Parker 
(1877, p. 302) says: “*... the crura of the vomer coalesce with the ethmoid processes 
of the palatines, so that in each movement of the face the whole nasal labyrinth is 
moved forwards and backwards by the mobile pterygo-palatine arch”. The figures 
and the description given by Parker (1876) for Caprimulgus europeus show that the 
ethmopalatines greatly increase in size anteriorly; they overlap the vomer and meet 
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by suture medioventrally. The condition in the nestling of Nyctisyrigmus pectoralis 
pectoralis is not yet comparable to that described for Caprimulgus europeus by Parker. 
Tn the adult, however, the vomer and the palatines have already coalesced to such an 
extent that it is impossible to ascertain whether the ethmopalatines had developed a 
suture with each other before further fusion took place. 
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FiG. 9. 'Transverse section through the region of the planum antorbitale and the transpalatine pro- 
sd cess showing the synovial cavity. 
1.O.S., interorbital septum; M.O.I., musculus obliguus inferior; M.R.I., musculus rectus internus; 
P.ETH.PAL., ethmopalatine process of the palatine; P.IPAL., interpalatine process of the palatine; 
P.T.PAL., transpalatine process of the palatine: S.C., sclerotic cartilage; S.CAV., synovial cavity; 
V.P., vomerine prong. 


The pterygoid lies in a concavity on the main body of the palatine (Fig. 2). 
The latter bone in all Caprimulgidae (Cf. Caprimulgus americanus .. . Gadow, Plate 
XIV; Caprimulgus europeus . . . W. K. Parker, 1876, Plates XXI1 and XX11 and 
Lubosch, 1929, Plate D, has become enormously enlarged laterally, forming wings, 
which W. K. Parker (1876) calls “processus transpalatini”. These wings form the 
floors of the orbita (Figs. $ and 9). In Podargus (Podargidae) they are small triangles, 
while in Steatornis (Steatornithidae) there is no “transpalatine” at all. Between the 
transpalatine process and the planum antorbitale of each side, there is a huge synovial 
cavity (Fig. 9). This synovial cavity indicates some amount of mutual movement 
between these two structures. 

As mentioned above there is an arthrodium between the bridge across the 
cleanly cut groove formed by the pterygo-palatine bars, where they glide smoothly 
under the short, rounded parasphenoidal rostrum, and the rostrum itself. In the adult 
fusion has taken place between the elements of the base of the skull, including the 
parasphenoidal rostrum, and the orbitosphenoid. This process of fusion has just 
started in the nestling. Nyctisyrigmus pectoralis pectoralis has no pterygo-palatine 
articulation (Figs. 2 and 8). In the related genus Podargus, the only movement 
according to Parker (1876) is between the cranial and facial sections of the skull, 
because the pterygoids overlap and are tightly cemented to the palatines. In this 
genus as in Nyctisyrigmus pectoralis pectoralis the main articulation is at the back, 
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namely that of the guadrate upon the auditory wall, but the motion is still very limited. 
If Pycrafts criterion is applied in this respect, Nyctisyrigmus pectoralis pectoralis is 
“palaeognathous”, for Pycraft maintains that the skull of his “Palaeognathae” differs 
from that of all other birds in that in the adult the pterygo-palatine connexion is by 
symphysis or ankylosis and not by arthrosis. From the above description of palatal 
relations in Nyctisyrigmus pectoralis pectoralis it is evident that if there is to be any 
movement at all, the whole bony palate must move as a unit. 


Pycraft (1900) maintains that the front end of the pterygoid fractures at a 
place in line with the hind end of the palatine, with which it then gradually fuses. A 
joint then develops at the point of fracture. ltis Pycrafts contention therefore that the 
free pterygoids of his “Neognathae” are a secondary feature, while the pterygo- 
palatine connexion in the embryo does not differ materially from that of his “Palaeog- 
nathae”. This broken-off section which Parker (1876) calls a “mesopterygoid” and 
which Pycraft (1900) calls a “hemipterygoid” could not be distinguished in the adult 
Nyctisyrigmus pectoralis pectoralis, although the front end of the pterygoid does not 
seem to reach as far forward as it does in the nestling. Parker (1876) could find no 
evidence of the “mesopterygoid” in Caprimulgus europeus, but he states that the 
Caprimulgi are all embryonic as regards the “mesopterygoid”: it does not segment off, 
but becomes aboited in the old Caprimulgus europeus. Apparently this is exactly what 
happens in Nyctisyrigmus pectoralis pectoralis, in which the pterygo-palatine con- 
nexion becomes an ankylosis. 


According to Pycraft therefore, a point of difference between “palaeognathous” 
and 'neognathous” palates is that in the latter there is no contact between the 
pterygoid and the vomer. The reason for this is that the palatines rotate medially to 
make contact with each other and thereby thrust the vomer forwards. The vomer then 
apparently articulates with the palatine and not with the pterygoid. In the “ Ratitae” 
(“Palaeognathae” of Pycraft) the palatines have been widely pushed apart by the 
laterally expanded feet of the vomer. RAhea and the Crypturi show possible movement 
leading to the “'carinate” condition. By this process, involved with their medially- 
directed rotation, the palatines attain a position below the vomer in Dromiceius, 
being no longer merely attached to the outer border or the vomerine feet. 


In the embryo of Nyctisyrigmus pectoralis pectoralis the processus perpendicu- 
laris is well-developed and the vomerine feet lie on its medial side. The vomer and 
pterygoid do not as yet make contact or overlap each other. This would in any case 
be impossible, as the pterygoid lies on the lateral side of the processus perpendicularis. 
The nestling stage shows that because of the medially-directed rotation of the palatines, 
they come to underlie the hindmost tips of the vomerine feet, making it possible for 
the vomer and pterygoids to meet (Fig. 7). 


Pycraft (1898 . . . 1901, p. 206) states: “In the young birds the pterygoid 
extends forward in a spike-like form, much as in Rea, so as to articulate with the 
vomer, though by the slightest contact. The palatines have succeeded in moving in- 
wards beneath the anterior pterygoid ends, so as to all but sever the original relations 
between them and the vomer”. 


This contention of Pycraft's concerning the vomero-pterygoidal relation in 
young birds does not apply to the Nyctisyrigmus pectoralis pectoralis nestlings, 
because the inward movement of the palatines beneath the anterior pterygoid ends 
actually enables contact between the vomer and the pterygoids to take place (Fig. 7). 
In the adult, however, this condition has become obscured by the fusion of the 
ethmopalatine processes to the vomer and the abortion of the pterygoidal spike. 
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Nevertheless there can hardly be any disturbance of the vomero-pterygoidal relation 
by the palatine. As was shown, the possibility of such a disturbance seems to have 
decreased when the nestling is compared with the embryo. The palatines are actually 
pushed apart by the bifurcated hind end of the vomer, a condition Pycraft described 
for Rhea and his so-called “Palaeognathae”. This, too, is clearer in the nestling and 
adult, where the vomer actually lies dorso-medial to the palatines, than in the embryo, 
where in ventral view the vomer is actually partly covered by the palatines. In the 
adult the palatines have nevertheless grown medially and once again cover the outer 
surfaces of the vomer, which has broadened considerably above the interpalatine 
processes against which they now lie. In Npctisyrigmus pectoralis pectoralis, as in 
Caprimulgus europeus, the palatines have taken up a position beneath the anterior 
pterygoid ends, but the structure of the palatines is such that this position still leaves 
the vomer above it free to make contact with the pterygoids (Fig. 7). 
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FIG. 10. 'Transverse section through the nasal capsule and the palatal roof anteriorly. 

A.T., atrioturbinal: MX., maxillary; N.SAC., nasal sac., P.ALV., processus alveolaris ossis prae- 

maxillaris; PAR.CAR., parietotectal cartilage: P.FR., processus frontalis ossis praemaxillaris; 

P.M.X., processus maxillaris ossis nasalis; P.PMX., processus praemaxillaris ossis nasalis; PR. 

PAL .B., prepalatine bar: R.L.N., ramus lateralis nasi Va: $.N., septum nasi; S.N.C., complete side- 
wall of nasal capsule. 


The “prepalatine bar” is anteriorly cemented by connective tissue to the 
maxillary, in a groove on the medial side of this membrane bone (Figs. & and 10). 
Posteriorly the ““prepalatine bar” gradually turns outward to take up a position 
medio-ventral to the processus zygomaticus ossis maxillaris and latero-ventral to the 
processus maxillo-palatinus ossis maxillaris (Fig. 3). The front end of the maxillary 
is a spur (Fig. 8) also described for Caprimulgus europeus by Parker (1876); it lies 
in a groove on the ventro-medial side of the premaxillary. In the nestling all these 
bones are strongly attached to each other by means of connective tissue, but they fuse 
in the adult. 


The vomer in the nestling of N yctisyrigmus pectoralisp ectoralis is definitely not 
vestigial, being guite as large as the pterygoids and palatines, excluding the “prepalatine 
bar” of the latter bone (Fig. 8). Only at its front end is the vomer undivided in the 
embryo and nestling. It is of the same length, and each vomerine half has the same 
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diameter as the pterygoids. Its front end is blunt, but in the embryo this section is 
“beaked”. Behind, especially in the embryo, the halves gradually diverge, giving the 
vomer a V-shape. In the nestling the hollow of the “V” is almost closed. The posterior 
sections of each half have become more slender medially and laterally than the rest 
of the structure, but they still have an open space between them. In the adult, all but 
these last sections have become fused, acguiring a ventral keel. The syndesmosis 
between the slender posterior sections of the vomer and the palatines in the embryo 
and the nestling has changed into a synostosis in the adult. W. K. Parker (1876) 
describes the vomer as having become a “derived commissural band”? to the palatine 
arch. 

There is proof that the “neognathous” vomer and rostrum have become 
shortened as compared with those of the “Palaeognathae”. The vomer in “Neognathae” 
reaches back only as far as the planum antorbitale, while in “Palaeognathae” it 
stretches as far as the basipterygoid process. The rostrum, on the other hand, reaches 
forward as far as the planum antorbitale in the “Neognathae”, and as far as the 
lacrimo-nasal fossa in the “Palaeognathae”' (Cf. Pycraft, 1900). 

The basipterygoid process of “Palaeognathae” articulates with the pterygoid 
very far back, near the guadrate articulation, whereas in “Neognathae” the articulation 
lies in the middle of the pterygoid (Fig. 8). 

The Tinamidae present an intermediate stage; the free end of the vomer lies 
between the planum antorbitale and the basipterygoid process. 'The pterygoid has 
increased in length, so that the vomer and palatine articulate with its distal end only . 
(Pycraft, 1900). 

Each processus maxillo-palatinus ossis maxillaris is immovably connected by 
syndesmosis to the vomer and the alinasal cartilage of the cartilaginous nasal capsule 
(Figs. 3 and 4). In the embryo, where the development of all the other turbinals is 
completed, that of the alinasal cartilage is only just beginning. The processus maxillo- 
palatinus lies lateral to the vomer, and the alinasal cartilage dorsal to the processus 
maxillo-palatinus, but the latter does not nearly reach the vomer (Fig. 3). Parker 
(1876, p. 114) describes a “longish ligament which binds the vomer to the internal 
alinasal wall with its wormlike turbinal”. The only ligament in Nyctisyrigmus pectoralis 
pectoralis comparable with this, is the very strong, thickened band described above. 
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FiG. 11. Graphic reconstruction of the lateral aspect of the nasal capsule (X: 11-1). 

A.T., atrioturbinal; C.N., concha nasalis; CUP.A., cupola anterior: F.C.F., fissura craniofacialis; 

L.O.S., interorbital septum; M.X.T., maxilloturbinal; OLF.G., groove for olfactory nerve; P.A.O. 

planum antorbitale; PN.C., paranasal cartilage; S.N., septum nasi; S.N.C., complete side-wall of 
nasal capsule; TRAB.V., trabecular vestige. 
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No paraseptal cartilages are present, though there is a short cartilaginous rod 
immediately behind this region and immediately in front of the fissura craniofacialis 
(Figs. 4 and 11). Frank (1954), in his study of the development of the ostrich chondro- 
cranium, included a comparative study of Nypctisyrigmus pectoralis pectoralis, and 
suggested that this rod could be a cartilago papillae palatinae, described for certain 
mammals by W. K. Parker (1876). It is much more likely, however, that this rod is a 
vestige of the trabecular bar. It is cemented to the ventral border of the nasal septum, 
immediately above the undivided anterior part of the vomer, and it is present in the 
nestling only. Almost imbedded in the vomero-maxillary syndesmosis, on the right 
side of the rod-like trabecular vestige, there is another minute nodule of cartilage of 
unknown significance. 


On each side of the vomer and on the inner sides of the maxillo-palatine pro- 
cesses of the maxillaries in the dried skull of the adult bird there can be seen with a 
magnifying glass notches for the attachment of the processis maxillo-palatini, giving 
the palate an aegithognathous appearance. This attachment remains syndesmotic. 


THE NASAL CAPSULE 


The roof of the nasal capsule is complete and there are no processes arising 
from the parietotectal cartilage such as those described by Crompton (1953) for the 
penguin, and those in the duck and fowl. The parietotectal cartilage is bent ventrally, 
lateral to the atrioturbinal, to form the side-wall of the nasal capsule (Fig. 8). Apart 
from the fenestra narina, in the anterior half of the nasal capsule the side-wall is com- 
plete (Fig. 11). Behind the atrioturbinal there is no side-wall, and the maxilloturbinal 
is exposed laterally (Fig. 11). The fenestra narina which is antero-laterally situated, 
is incomplete laterally. A cupola anterior on each side forms the anterior wall of the 
nasal capsule in front of the fenestra narina, of which it is the anterior border (Fig. 11); 
the flocr of the nasal capsule is absent. The planum antorbitale or lamina orbitonasalis 
forms. the posterior wall of the nasal capsule. 

De Beer and Barrington (1934) survey the nomenclatures of various authors 
for the three turbinals of the nasal labyrinth. Basing their interpretation of the nasal 
capsules on the view that, “the inwardly directed bulge arising from the paranasal 
cartilage, is the representative of the concha nasalis of reptiles” (p. 448), they conclude 
that it is preferable to adopt the terms atrioturbinal, maxilloturbinal and concha 
nasalis. 

The atrioturbinal lies lateral to the septum nasi; it appears as a solid ridge on 
the ventral surface of the anterior parietotectal cartilage. Arising as an invagination 
in the roof of the nasal capsule (Fig. 10), it is shallow anteriorly and confluent 
posteriorly with the side-wall of the nasal capsule. 

The maxilloturbinal also originates from the ventral surface of the parietotectal 
cartilage (Fig. 3), slightly medial to the posterior end of the atrioturbinal, but its 
anterior portion is laterally protected by the side-wall of the nasal capsule. More 
posteriorly, where the paranasal is fused with the edge of the narrow parietotectal 
side-wall, the maxilloturbinal is fused with the ventral edge of the paranasal (Fig. 12). 
Its hindmost section projects backward behind the concha nasalis and ventral to the 
planum antorbitale. 

In contrast with the complicated gyrations of the turbinals of the ostrich and 
duck, those of Nyctisyrigmus pectoralis pectoralis are very simple, turning through not 
more than a semicircle (Fig. 3 and 10). 
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FiG. 12. 'Transverse section of the head in the region of the fissura craniofacialis. 
C., choana; C. DE concha ass, D.NASO., ductus nasolacrimalis; F.C.F., fissura craniofacialis; 
FR, frontal; , jugal; | lacrimal: MO. T. maxilloturbinal; 'N., nasal: N.GL. nasal gland; 
PAR. CAR; EE ' cartilage; P.ER., processus frontalis Ossis praemaxillaris: PIPAT., 
interpalatine process of the palatine; PN.C,, paranasal cartilage; PR.PAL.B., prepalatine bar. 
P.ZYG.L.P., long prong of the processus Zygomaticus; P.ZYG.S.P.,short prong of the processus 
zZygomaticus: R.L.N., ramus lateralis nasi Va; R.M.N., ramus medialis nasi Va: S.CAV., synovial 
cavity; V.P., vomerine prong. 


The nervus olfactorius and the ramus medialis nasi Va enter the nasal capsule 
through the orbitonasal fissure which is bordered medially by the interorbital septum, 
dorsally by the parietotectal cartilage and ventro-laterally by the lamina orbitonasalis. 
The ramus lateralis nasi Va runs lateral to the side-wall of the nasal capsule, gradually 
sloping downwards in its forward course; it never enters the nasal capsule. The ramus 
medialis nasi Va passes forward antero-medially towards the nasal septum, ventral to 
the parietotectal cartilage. On reaching the nasal septum it continues forward antero- 
ventrally, until it divides into its components near the tip of the premaxillary. 


The ramus medialis nasi and ramus lateralis nasi join each other slightly 
posterior to the fissura orbitonasalis. After receiving two other components, Va runs 
postero-ventrally, reaches a small ganglion immediately anterior to the lacrimal gland 
and then continues backwards. From their. lateralis nasi a fine little ramus branches 
off to the front end of the nasal gland. 


THE NASAL SEPTUM AND CRANIAL KINESIS 


The first indication of ossification in the nasal septum is a slight osteoblastic ac- 
tivity behind the fissura craniofacialis where the cartilage cells are becoming elongated. 
In course of development the nasal septum undergoes several changes which have an 
infiuence on the possibility of kinesis. In the embryo investigated there are two fenestrae 
in the nasal septum: a small fenestra septi nasi anterior and a much larger fenestra 
septi nasi posterior, more or less in a line below the posterior boundaries of the 
processus frontalis ossis premaxillaris and the nasals. The ventral borders of these 
fenestrae are formed by the fused trabeculae. In front of the nasal capsule this trabe- 
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Cular bar is elongated into a very prominent, anteriorly flattened, azygous processus 
prenasalis. The vomer of the embryo lies trough-like against the bottom of the 
trabecular bar which is not merely in contact with the nasal septum; they have actually 
fused. Concerning the prenasal process de Beer and Barrington (1934) state that it 
does not arise from the anterior end of the nasal capsule, but from its ventral surface, 
some little distance behind its anterior end. Strictly speaking the structure which 
forms the ventral border of the two foramina in the nasal septum and which is regarded 
as the ventral part of the nasal septum itself, should, according to them, be regarded 
as the base of the prenasal process. De Beer and Barrington therefore maintain that 
this basal portion of the prenasal process as it extends forwards is morphologically 
ventral to the floor of the anterior part of the nasal capsule, represented by a ridge and 
some small cartilaginous processes described by them. This cannot be true for Nycti- 
syrigmus pectoralis pectoralis, because in the embryo investigated, there is no inter- 
ruption between the fused trabecular bar and prenasal process: they form a single 
functional unit. It should be noticed here that there is no floor to the nasal capsule in 
Nyctisyrigmus pectoralis pectoralis and that there are no processes or irregularities 
arising from the trabecuiar bar as in the finch (Engelbrecht, in press) and in Anas 
(Swart, 1946), where an anteriorly situated protrusion and a posteriorly situated 
protrusion are described. 'The premaxillary in the embryo is disposed laterally and 
dorsally around the trabecular bar, where it projects forward to form the prenasal 
process. 'The premaxillary has a frontal and two palatal processes. The processus 
frontalis ossis praemaxillaris is divided posteriorly. The palatal processes, which can 
still be identified in the nestling, have become obliterated by fusion of the pre- 
maxillary and the maxillaries in the adult. 


In the nestling, the prenasal process has been totally resorbed; so too has the 
trabecular bar, of which the cartilaginous rod described above (p. 195) is a vestige. The 
fenestra septi nasi anterior has disappeared as the result of the loss of its ventral 
border and of growth of the septum itself. The fenestra septi nasi posterior has only 
the posterior part of its ventral border left. It has greatly increased in size and, being a 
fenestra no longer, it is now called the fissura craniofacialis. The above is in agreement 
with the development of the fissura craniofacialis described for Anmas (Swart, 1946). 
Crompton (1953) found an extra foramen craniofaciale in the penguin. The nasal 
septum above the fissura has now become narrowed, so that upwards displacement of 
the nasal capsule can take place on this point (Fig. 11). In the adult, the fissura 
craniofacialis has become V-shaped, with its apex directed dorsally. It liesimmediately 
under the mesokinetic line of flexure which runs between the fused frontals posteriorly 
and the nasals plus the processus frontalis ossis praemaxillaris anteriorly. By this 
time ossification of the nasal septum to form a mesethmoid behind the fissura cranio- 
facialis, is complete. The first indication of the mesethmoid in the nestling is an elonga- 
tion of the cartilaginous cells on their horizontal axes. By this process they form a 
“growth meniscus” of osteoblastic activity on both sides of the fissura craniofacialis 
as well as behind it. It was impossible to determine whether the mesethmoid appears 
dorsally in the fontanelle between the laterally directed anterior sections of the frontals, 
or if this fontanelle is closed by the growth of the frontals themselves. 


In reptiles Versluijs distinguishes metakinetic, mesokinetic and amphikinetic 
subdivisions of the neurokinetic type of skull, i.e. the type of skull that can be divided 
into a maxillary and an occipital segment. Hofer (1949) divides neurokinetic bird 
skulls into prokinetic and rhynchokinetic types, depending on the position of the 
bending line. In the first type the position of the bending line is inter-ethmoidal 
and in the latter type the position of the bending line is pre-ethmoidal. 
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Bending of the nasal septum is possible in the nestling, because the septum is 
still cartilaginous. In the embryo, where kinesis is not yet necessary, the cartilaginous 
matrix of the trabecular bar is better developed than that of the nasal septum. Bending 
of the septum in the nestling is facilitated by the presence of the fissura craniofacialis, 
which is filled with fibrous connective tissue. In the adult bird the nasal septum has 
become ossified, but the bones involved in cranial kinesis are so spongy that bending is 
possible. The nasal septum above the fissura craniofacialis seems to have been severed 
completely, so that a hinge has been formed below the dorsal line of bending. 


FIG. 13. Graohicreconstruction of the dorsal aspect of the skull showing raltions of the membrane 
bones ( 7-4). 

F., fontanelle between anterior portions of the frontals; FR., frontal; J., jugal; L., lacrimal; MXC.S., 

maxillary. spur; P.ALV., processus alveolaris ossis praemaxillaris; P.FR., processus frontalis ossis 

praemaxillaris; P.FR.O., processus frontalis ossis nasalis; P.M`X., processus maxillaris ossis nasalis; 

P.MX.-PAL., processus maxillo-palatinus ossis maxillaris; P.PM)X., processus praemaxillaris ossis 

nasalis; PRMX., premaxillary; P.ZYG., processus Zygomaticus ossis maxillaris; OJ., guadratojugal. 


Dorsally, bending is limited to the processus frontalis ossis praemaxillaris and 
in a minor degree to the medial process of the nasal, immediately against the processus 
frontalis ossis praemaxillaris (Fig. 13). The frontals do not take an active part in 
bending, but they form a lateral sliding surface (arthrodium) for the lacrimal. This is 
a large, spongy bone, which is strongly joined to the front end of the lower temporal 
arch by connective tissue in the nestling (Figs. 12, 13 and 14). In the adult, fusion 
has taken place. The bones of the temporal arch, unlike those of the rest of the skull, 
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are not pneumatic. On the dorsal surface of the skull the lacrimal can move freely 
against the frontal and the nasal. Anteriorly, the lacrimal is connected syndesmotically 
to the base of the processus maxillaris ossis nasalis and to the “foot” of the frontal, 
which is projected forwards, on the side of the skull, beneath the nasal and the 
lacrimal. Tt is broad dorsally and pedate where it joins the processus zygomaticus ossis 
maxillaris (Fig. 4). It entirely excludes the lateral ethmoid or ectethmoid (ossified 
planum antorbitale), from the upper and outer regions of the face. 


PRMX. 


PEER: PTPAL. PZYGLP 


FIG. 14. Graphicreconstruction of the AE EE of the skull showing relations of the membrane 
ones (X 7-4). 
F.N., fenestra narina; FR., frontal: J., jugal; L., lacrimal; MEN.PT., meniscus pterygoideus; N., 
nasal; P.ALV., processus alveolaris ossis praemaxillaris; P.FR., processus frontalis Ossis prae- 
maxillaris; P.ER.O., processus frontalis ossis nasalis; P.LPAL., interpalatine process of the palatine; 
P.MX., processus maxillaris ossis nasalis; P.PMX., processus praemaxillaris ossis nasalis; PRMX., 
premaxillary; PTER., pterygoid; P.T.PAL., transpalatine process of the palatine; P.ZYG., processus 
Zygomaticus ossis maxillaris; P.ZYG.L.P., long prong of the processus Zygomaticus; P.ZYG.S.P., 
short prong of the processus zygomaticus; OJ., guadratojugal; R.P., parasphenoidal rostrum; 
V., vomer. 


A lacrimal is either absent in Podargus, or it is a small ossicle fused with the 
supero-external angle of the nasal in front of the frontal. In Steatornis it is a big 
ossicle (Parker, 1876). There is no definite os uncinatum in Caprimulgus and it is 
also absent in Nyctisyrigmus pectoralis pectoralis. 


The lacrimal does not transmit the nasolacrimal duct which runs in a groove 
on its outer side (Fig. 12). Pycraft (1900) maintains that the lacrimal in all “Palaeog- 
nathae” transmits the nasolacrimal duct. According to Webb (in press) this is not the 
case in Struthio or in Rhea. 


The front end of the lower temporal arch is made up of the two splints of the 
processus Zygomaticus ossis maxillaris, the jugal and the lacrimal. The dorsal one of 
these splints of the processus Zygomaticus ossis maxillaris is much longer than the 
ventral one. The jugal lies between the long dorsal splint and the lacrimal. All these 
elements are slightly fattened dorsoventrally, probably to facilitate their connexion 
to each other, and lie slightly laterally tilted (Fig. 12). In the nestling the connexion 
of the elements of the lower temporal arch is effected by a syndesmosis, which is 
replaced by a fusion in the adult. 
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The ventral edge of the parietotectal side-wall of the nasal capsule is anteriorly 
joined by a band of connective tissue over the total length of the atrioturbinal, to the 
premaxillary; further back, where the palatal processes of the premaxillary turn 
outward, the ventral edge of the parietotectal side-wall is joined by this band to the 
maxillary. Because of this connexion the nasal capsule can be lifted during upward 
bending of the beak. 


The maxillaries in Nyctisyrigmus pectoralis pectoralis lie medially below and 
against the premaxillary, and the maxillary spur described for Caprimulgus europeus 
by Parker (1876) is therefore prevented from making contact with the nasal wall. 
The same band of connective tissue mentioned above (p. 200) connects the front end 
of the palatine to the maxillary (Fig. 10). As already mentioned, the infolded alinasal 
cartilage of the nestling, behind the atrioturbinal, is very firmly connected to the 
medial and dorsal sides of the maxillary and maxillopalatine process. 'The cupola 
anterior itself is not connected to the premaxillary. It is obvious that only that part 
of the nasal capsule in front of the fissura craniofacialis can be raised, and it can be 
expected therefore, that with the antero-dorsal movement of the maxillary during 
kinesis, the nasal capsule and the nasal septum will be raised. The necessity that the 
fissura craniofacialis should replace the fenestra septi nasi posterior, which has at its 
base the trabecular bar, is therefore clear. 


How and where the nasal septum is bent upwards does not need further eluci- 
dation; but how is the side-wall of the nasal capsule in the region of the hinge raised ? 
The side-wall comprises the paranasal turbinal fused with the parietotectal cartilage 
without any visible indication of fusion such as the foramen epiphaneale, which, 
according to de Beer (1937), usually marks the line of fusion. 'The concha nasalis 
faces sideways. To the ventral edge of the paranasal is fused the maxdlloturbinal which 
faces downwards (Fig. 12). In the duck (Swart, 1946), the problem of bending the 
cartilaginous side-wall is circumvented by a linear groove which develops in the 
parietotectal cartilage. There is no such groove in Nyctisyrigmus pectoralis pectoralis. 
Perhaps no need for it exists, because it is guite likely that in spite of the completeness 
of the kinetic apparatus, the configuration of the palate and the nature of its con- 
nexion to the guadrate is a serious handicap so that kinesis is greatly limited. 


The “Beugungslinie” apparently runs across the parietotectal cartilage above 
the apex of the triangular fissura craniofacialis, then obliguely downwards and back- 
wards through the bursa which attaches the ventral edge of the paranasal to the 
antero-dorsal edge of the planum antorbitale. The bursa allows the paranasal with 
the maxilloturbinal attached to it, to move slightly forward when the anterior section 
of the nasal capsule is raised. If the “Beugungslinie” were to run straight down 
through the concha nasalis and the pipe-like maxilloturbinal, a very much bigger force 
would be needed to effect the upward bending of the nasal capsule in front of the fissura 
craniofacialis, because a cylindrical structure is difficult to bend. In this case a groove 
in the parietotectal cartilage, such as that described by Swart, would be essential, but 
if the “Beugungslinie” were to run backwards and downwards through the concha 
nasalis, a groove would not be necessary. 


Posteriorly the aditus conchae becomes wider and the maxilloturbinal attached 
to the base of the paranasal has a slight downward slope. The posterior tip of the maxil- 
loturbinal protrudes towards the planum antorbitale and it is guite free of the para- 
nasal. At the place of attachment to the paranasal and parietotectal cartilages, the 
planum antorbitale is considerably narrower in the nestling than in the embryo. 
Nevertheless it is extraordinarily well-developed and ossifies to form a lateral ethmoid 
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(or pars plana of W. K. Parker, 1876), which is a very spongy bone in the adult. De 
Beer (1937) suggested that it should be called ectethmoid, because it appears to have 
been independently evolved in birds and not directly inherited from fishes. 


AF.PTER. 


HMM. 


FiG. 15. Graphic reconstruction of the anterior aspect of the guadrate showing absence of the 
processus orbitalis guadrati (`: 16-65). 
A.F.PTER ., articular facet for pterygoid: A.F.OJ., articular facet for the guadratojugal; H.M., main 
articular head with the mandible; P.O., Dies oticus; P.OJ.O., guadratojugal process of the 
guadrate. 


Concerning the possibilities of movement in the upper jaw of Caprimulgus 
europeus, Gadow (Cf. Lubosch, 1929) states that because a processus orbitalis guad- 
rati is absent, and because the lower temporal arch does not articulate with the 
guadrate, but is fused to it, the movement of the upper jaw is minimal. A processus 
orbitalis guadrati (proc. orbito-guadratus) is also absent in Nyctisyrigmus pectoralis 
pectoralis (Fig. 15). The guadrato-jugal of the lower temporal arch is fused to the 
guadrate. In the adult bird, the pterygoid has also become fused to the guadrate 
(Figs. 1 and 16A). Nitzsch (Cf. Lubosch, 1929, p. 103) nevertheless speaks of 
“Bewegung der oberen Kinnlade” and Lubosch (1929) finds that the whole apparatus 
of the palatoguadrate arch in Caprimulgus europeus entirely agrees with that of other 
mesokinetic bird skulls. What applies to Caprimulgus europeus, applies egually well 
to Nyctisyrigmus pectoralis pectoralis even though Lubosch (1929) maintains that the 
guadratojugal in Caprimulgus europeus is connected not to the guadrate, but to the 
articular of the lower jaw. According to him, forward movement of the upper jaw 
and palate will not be impeded by a guadrato-jugal-articular fusion. In Nyctisyrigmus 
pectoralis pectoralis, however, there is not the slightest doubt concerning the guadrato- 
jugal-guadrate fusion (Fig. 16A). 

Lubosch (1929) agrees with the description of Nitzsch and says: “Diese 
Bewegung iibertrigt sich hier aber, . .. , durch das Lacrymale auf den biegsamen 
dorsalen Teil des Ethmoids. 'Das Lacrymale tritt hier” (Nitzsch, S.71), `indem es 
oben an den Stirnknochen eine wahre Gelenkung hat, véllig zur Kinnladenmaschine 
iiber'. Nitzsch bemerkt aber nicht, dasz diese Bewegung des Lacrymale auch auf den 
biegsamen dorsalen Teil des Ethmoid einwirken musz und sich erst dadurch auf die 
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FiG. 16. Series of transverse sections through the guadratomandibular joint. 
G., Gonial; L.EXT.OJ., lateral extension for the guadratojugal process of the guadrate; L.J.-M., 
ligamentum jugo-mandibulare; M.A.M.E., musculus adductor mandibulae externus; M.PROT.PT., 
musculus protrator pterygoidei; M.PT., musculus pterygoideus; M.PT.V., musculus pterygoideus 
ventralis; P.M.P., processus mandibularis posterior; P.OJ.O., guadratojugal process of the guadrate: 
O., guadrate; OJ., guadratojugal; SA., surangular. 
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Plittchen des Nasale und den Stirnfortsatz des Pmx. fortsetzen kann””. All this is as 
true of Nyctisyrigmus pectoralis pectoralis, as it is of Caprimulgus europeus itself. 
Lubosch (1929, p. 103) continues: “Die von Nitzsch erwihnte Gelenkverbindung 
Zwischen dem Proc. Praefrontalis und dem Lacrymale spricht zweifellos fiir eine hier 
stattfindende ausgiebige Bewegung””. 

In the adult Nyctisyrigmus pectoralis pectoralis the mesokinetic line of bending 
is between the fused frontals and nasals plus the processus frontalis ossis praemaxillaris, 
plus the lacrimals (Fig. 14). This mesokinetic line is accentuated by the high forehead 
which is formed by the fused frontals immediately behind the line of flexure. The 
dorsal membrane bones of the beak on the contrary, lie almost horizontally. A V- 
shaped depression which is wide at the base of the beak, but becomes narrower higher 
up on the forehead also accentuates the line of bending. 'The arrangement in the 
nestling is virtually the same as that described above for the adult, the only difference 
being the fontanelle on the “Beugungslinie” between the diverging frontal “feet” 
and the nasals, which have also not yet attained their adult form posteriorly (Fig. 13). 

In the discussion of the guadrate of Caprimulgus europeus, which like that of 
N yctisyrigmus pectoralis pectoralis has no processus orbitalis, Lubosch (1929), states 
that the muscles attaching to the guadrate, ““Wirken also am langen Hebelarm” 
(p. 104). Conseguently movement of the guadrate does not follow with a constant 
force, but with increasing speed. “Man musz sich die Bewegungen des Ouadratums in 
diesen Falle als mit erheblicher Wucht erfolgend vorstellen” (Lubosch, 1929, p. 104). 
The otic process of the guadrate has two heads; the antero-lateral one articulates 
with the sguamosal, which has a strip of secondary cartilage on its articulatory facet 
(Fig. 6). The postero-medial head articulates with the prootic region of the otic capsule 
(Fig. 17). 


PROOC. 


PAR. RCOMM 


FIG. 17. 'Transverse section showing articulation of the postero-medial head of the processus oticus 
of the guadrate with the prootic region of the otic capsule. ' j 
A.STAP., arteria stapedialis; PAR.R.COMM., parasympathetic ramus communicans ganglion 
cervicale and Vb; POST.MED.P.O., postero-medial head of the processus oticus; PRO.O.C., prootic 
region of the otic capsule:; R.HYOM., ramus hyomandibularis VII. 


Tiedemann (Cf. Lubosch, 1929) and later Lebedinsky (1921) expressed the 
view that the ligamentum jugomandibulare pushes the guadrate forward when the 
mandible is lowered. The definition given by Tiedemann (Cf. Lebedinsky, 1921, p.10) 
of the position of this ligament best describes it and shows its importance in kinesis. 
Lebedinsky in guoting Tiedemann says: “Endlich sei noch ....., das funktionell sehr 
wichtige “Jochbein-Unterkieferband' ( . . . Ligamentum jugo-mandibulare neuerer 
Autoren) hier angefiihrt, “welches von dem unteren Rand des hinteren Teils des 
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Jochbeins kommt und riickwêrts liuft in den Raum zwischen dem Gelenkkopf des 
Unterkiefers und dem #uszeren Gelenkkopf des Ouadratbeins; hier ist es knorpelig 
und erstreckt sich von hinten in das Gelenk hinein. Alsdann geht das Band aguer 
nach hinten und inseriert sich and die #uszere Fliche des griffelfrmigen 
F@rtsatzes. as `. In Caprimulgus europeus Lubosch (1929) notes that this liga- 
mentum jugo-mandibulare does not pass around the back of the joint, but lies in 
front of the head of the articular. 'The same is true for Npctisyrigmus pectoralis 
pectoralis. If the jugo-mandibular ligament (Fig. 16A) pushes the guadrate forward, 
the guestion which arises is: “* .. . ob... etwa die Lage des Bandes die zwangslaufige 
Verbindung zwischen der Offnung des Schnabels unter Vorsschiebung des Ouadra- 
tums aufhebe” (Lubosch, 1929, p. 107). The action of the dorsal constrictors must 
be considered in the process of kinesis and according to Lubosch (1929) it is then found 
that the jugo-mandibular ligament has no infiuence on any obstacle to the forward 
movement of the guadrate. 

Two more ligaments are described by Lubosch (1929) for Caprimulgus europeus, 
both of which also appear in Nyctisyrigmus pectoralis pectoralis. The first is the 
ligamentum sguamoso-mandibulare which is long and thin andst retches between the 
processus orbitalis posterior of the sguamosum and the outside of the mandible in 
front of the articular head. It lies lateral to the musculature and the lower temporal 
arch in this region. The other ligament is the ligamentum occipito-mandibulare or 
posterior lower jaw band which is short but strong and runs between the processus 
mandibularis internus of the lower jaw. This latter ligament chiefly limits the forward 
movement of the jaw. 

The process of cranial kinesis is started by the contraction of the musculus 
depressor mandibulae, which lowers the mandible. This muscle consists of a pars 
externa and a pars media. 'The pars externa covers the whole lateral face of the 
skull above the external opening of the auditory passage and below the attachment of 
the neck muscles. lt runs around the lower jaw and attaches itself by a flat tendon to 
the base of the dentary. The pars media is stretched between the exoccipital below the 
external auditory passage and the inner corner of a bony ledge lying behind the 
articular head of the lower jaw. 
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FIG. 18. 'Transverse section through the mandible in the region of the intramandibular joint. 
A., angular; A.CAR.ILB., branch of arteria carotis interna; D., dentary; M.C., Meckel's cartilage: 
R.MAND., ramus mandibularis V; S.A. ,surangular; SPL., splenial. 
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In the mandible of Nyctisyrigmus pectoralis pectoralis itself, there is a joint 
which allows of free movement between the anterior and posterior (basal) sections of 
the mandible (Figs. 18 and 20A). The anterior section of the mandible is not pneu- 
matic, but the basal section is. When the latter is lowered, a complicated series of 
movements takes place in the mandible. These movements and the manner in which 
they are brought about were described by Lubosch (1929) for Caprimulgus europeus. 
Whereas kinesis is thus very limited in the upper jaw, this intramandibular joint still 
allows the beak to be opened widely. Stresemann (1927, p. 464) describes it thus: 
“Bei Caprimulgus wird dessen Offnung noch dadurch vergrêszert, dasz sich die 
Spitzenhilfte des Unterschnabels beim Abspreizen des Unterkiefers in spitzem 
Winkel nach unten klappt.” The beak opening is even further enlarged, as it has 
become extremely broad at the cost of beak length. “Der Mund is tief gespalten, so 
tief dasz der Kehlspalt distal von der Verbindungslinie der Mundwinkel liegt” 
(p. 464). Nitzsch also investigated the problem. The irvestigations all show that 
without the possibility of free movement in the posterior section of the mandible, 
movement would be impossible between the upper and lower jaw. In this respect 
there is no difference between Caprimulgus europeus and Nyctisyrigmus pectoralis 
pectoralis. 

The musculus protractor pterygoidei (Lakjer) is usually divided into a musculus 
protractor guadrati and a m. protractor pterygoidei s.s., but in both Caprimulgus 
europeus (Lubosch, 1929) and Nyctisyrigmus pectoralis pectoralis the musculus pro- 
tractor guadrati is absent. Its absence is due to the absence of the processus orbitalis 
guadrati to which, whenever this process is present, it is always attached. The m. 
protractor pterygoidei stretches from the pterygoid and the guadrate (Fig. 1) to the 
pleurosphenoid. This attachment of the m. protractor pterygoidei across the guadrato- 
pterygoidal connexion further proves that there is no movement between the pterygoid 
and the aguadrate, as the muscle shows no division whatsoever. 

The contraction of the m. protractor pterygoidei following immediately on that 
of the m. depressor mandibulae, has the effect of rotating the guadrate in its joint with 
the sguamosal, thereby causing a forward movement of the ventral section of the 
guadrate. This causes all subseguent movements of the kinetic process, because the 
pterygoid is joined posteriorly to the guadrate and anteriorly to the rest of the palate. 
A m. orbitoguadratus is absent in Caprimulgus europeus and in N yctisyrigmus pectoralis 
pectoralis. 

The opposite movement, that is raising of the lower jaw, is effected by the m. 
adductor mandibulae, which is divided into an external, posterior and internal layer. 
The latter again subdivides into a m. pseudotemporalis and a m. pterygoideus, 
which in turn has a dorsal and a ventral layer and this ventral layer once more sub- 
divides into its own dorsal and ventral layers (Figs. 1 and 16A, B, C). The nomen- 
clature employed is that of Lubosch for Caprimulgus europeus. 


THE HYOID SKELETON 


The hyoid apparatus of Nyctisyrigmus pectoralis pectoralis is typically avian 
(Fig. 19). Crompton (1953) has reviewed the literature on the subject. Fiirbringer 
(1922) gives a very comprehensive summary of the various nomenclatures used. 

A cartilaginous paraglossum which here is a long, slender structure, supports 
the tongue as in Aves generally. Formerly it was called either an os linguale or an 
Oos entoglossale. Posteriorly it is forked, in the form of an inverted Y. T. J. Parker 
(1892) when referring to the paraglossum actually calls it a “Y-shaped Cartilage”. 
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FIG. 19. Graphic reconstruction of the dorsal aspect of the hyoid apparatus (XX 7:4). 
C.B., cornu branchiale; COP.I., copula I; COP.TI, copula IT; PAR., paraglossum. 


According to Owen (1866), T. J. Parker (1891) and Pycraft (1902) (Cf. Fiirbringer, 
1922), the postero-lateral prongs of the paraglossum are ceratohyals, while the slender, 
unpaired antero-medial section is the basihyal. These paraglossal prongs lie laterally 
against the copula; their hindmost parts are, however, latero-dorsal to it. 

AM authors except Kallius (1905), (Cf. Fiirbringer, 1922), who first claimed 
that the paraglossum, a term he introduced, was a “new” structure in birds, believe 
that the paraglossum is a modification of the ventral end of the hyoid cornu. Crompton 
(1953) proved that Kallius was correct and that the paraglossum is indeed a new 
structure. Engelbrecht (in press) also corroborates the original claim of Kallius. 
Fiirbringer (1922) states that the paraglossum usually has a paired origin and may 
remain so throughout life. The only possible evidence of its paired origin in Nycti- 
syrigmus pectoralis pectoralis is the two prongs. 
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The hyoid apparatus according to Fiirbringer (1922) consists of a copula, the 
cornua branchialia and the paraglossum, which, as shown above, has been proved 
to be a “new” structure. The cupola which in Nyctisyrigmus pectoralis pectoralis 
is massive in front, with a long, rod-like posterior elongation which gives it a club- 
shaped appearance, was first shown by Suschkin (1899) to have arisen as the result of 
a cupola |, the massive part which Gaupp (1904) calls the “Corpus” or “Pars princi- 
palis”, and a copula II, the long, posterior elongation which he calls the “Stilus”. 
The latter may either taper to a sharp point, or it may be rod-like with a blunt end, 
or it may flatten out and broaden. In Nyctisyrigmus pectoralis pectoralis its end is 
flattened and two-pronged with a dorsal connecting bridge, from the ventral surface 
of which a third prong originates. 


Between the postero-lateral prongs of the paraglossum, across the “nose” of 
the corpus copulae is a narrow connexion of thickened perichondrium which incor- 
porates that of the two prongs and the corpus copulae. 


The cornua branchialia articulate with the ventro-lateral surface of the corpus 
copulae. Fiirbringer (1922) and Gaupp (1904) recognise a proximal hypobranchial 
and a distal ceratobranchial in each branchial cornu. 'These correspond to the 
ceratobranchial and epibranchial of Suschkin (1899) and most later authors. Both 
in Nyctisyrigmus pectoralis pectoralis and Sturnus vulgaris (De Kock, in press) the 
two elements of each branchial cornu have indistinguishably fused. Each cornu 
curves outwards and downwards, but turns inwards and upwards again at its end. 
The medial section of each cornu is perichondrally ossified with a core of hypertrophic 
cartilage. Anterior and posterior to this hypertrophic core the degree of osteoblastic 
activity decreases, leaving unaltered cartilage at the extremities of each cornu. 


THE LOWER JAW 


Gaupp (1911) mentions five membrane bones in the mandible of Aves, the 
angular, surangular, complementary, opercular and dentary. According to Versluijs 
(1924) the complementary and the opercular correspond with the coronoid and 
splenial respectively. W. K. Parker (1869) states that the splint bones in the mandible 
of the bird are as numerous as in the lizard, but that the fowl] is exceptional in possessing 
no coronoid. 'Therefore, according to Parker it only has the dentary, splenial, 
surangular and angular. If only four membrane bones are present, the absent coronoid 
must be homologous with the complementary of Gaupp or the gonial of Voit (1924). 
Also Gadow (1891) recognizes only the above four membrane bones in the mandible 
of the bird. Voit (1924) states that the criteria applied by Gaupp for the comple- 
mentary (Versluijs's coronoid) are fully applicable to the gonial. Of this latter bone 
Gaupp (1911, p. 453) says: “Das Goniale scheint iiberall zu fehlen . . .”, whereas 
Versluijs states that it fuses with the articular guite early in birds. Fusion of the 
different membrane bones with each other is a general occurrence in birds. It is 
therefore evident that the gonial, which Voit mentions for birds is homologous with 
the coronoid of Versluijs and the complementary of Gaupp. Actually Lacertilia 
have six membrane bones in the mandible and birds only five. The coronoid which 
Versluijs mentions for Lacertilia is absent in birds. 


In the Nyctisyrigmus pectoralis pectoralis nestling the mandible has the usual 
five elements. The gonial (Fig. 19B), contrary to the account of Versluijs, is not yet 
fused with the articular cartilage. Neither are any of the other membrane bones of 
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the mandible fused with each other. In Sturnus vulgaris (De Kock, in press) the gonial 
is fused with the angular. 

The membrane bones surround the central canal in which lie Meckel's cartilage, 
the r. mandibularis V and a branch of the carotis interna (Fig. 18). The cartilagines 
Meckelii do not meet anteriorly. In the nestling the dentaries themselves are not yet 
joined by fusion. 


FIG. 20. Graphic reconstructions of mandible: A, lateral aspect; B, medial aspect (` 7:4). 
A., angular; ART., articular cartilage; D., dentary: G., gonial; H.O., main articular head with the 
guadrate; INT.J., region of intramandibular joint; L.EXT.OJ., lateral extension for the guadrato- 
jugal process of the guadrate:; M.C., Meckel's cartilage: P.M.P., processus mandibularis posterior; 
Li SA., surangular; SPL., splenial. 


In lateral view, the dentary forms the front half of the mandible with its dorsal 
edge, which is overlapped by the surangular over the last guarter of its length, sloping 
downwards (Fig. 19A). The ventral edge of the splenial protrudes below the dentary 
along the posterior third of the latter (Fig. 19A). The whole of the posterior half of 
the mandible, right up to the joint with the guadrate, is taken up by the surangular. 
From behind the dentary, the ventral edge of the angular can be seen protruding below 
the surangular (Fig. 19A). Between the anterior and posterior sections of the mandible, 
represented in lateral view by the dentary and the surangular respectively, there is a 
joimt (Figs. 18 and 19A), the purpose and functioning of which were described in 
great detail by Lubosch (1929) for Caprimulgus europeus. The two sections form an 
obtuse angle with each other, with the front section pointing forwards and down- 
wards (Fig. 19A). The dentary which lies concavely around Meckel's cartilage has 
a curtain-like projection hanging from its dorsal edge, mediodorsal to the cartilage 
of Meckel. 'This curtain becomes separated from the body of the dentary, and 
posteriorly the surangular first appears in the slit which is thus formed (Fig. 19B). 

As the dentary diminishes in size posteriorly, the surangular increases, taking 
on an irregular, round shape, dorsal to Meckel's cartilage. Still further back it 
developes a keel lying lateral to the cartilage of Meckel and dorso-lateral to the other 
membrane bones, including the remaining piece of the dentary. In section the sur- 
angular now appears club-shaped. Further back the surangular broadens latero- 
dorsally and a short cartilaginous appendix appears; it is apparently the processus 
coronoideus, which, according to Barnikol (1951), serves as attachment for the m. 
mandibularis externus. Still further back the surangular loses its club-shaped 
appearance and taking on a thick, irregular shape, lies laterally against Meckel's 
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cartilage at the point where the dentary finally ends. The pars articularis cartilaginis 
Meckelii extends sideways over the surangular which becomes flattened below it, 
and then ends. 

The splenial first appears as a tiny sliver of bone in the corner below Meckel's 
cartilage and the medial side of the dentary where it folds around Meckel's cartilage. 
Posteriorly the splenial broadens to form a thin medio-dorsal shield for Meckel's 
cartilage for some distance, then it narrows down, and gradually turns latero-ventrally 
to take up a position ventral to Meckel's cartilage, where it lies with its dorsal edge 
laterally tilted (Fig. 19B). 

The front end of the angular lies ventro-lateral to the cartilage of Meckel, 
between the dentary and the splenial. Where the splenial ends posteriorly the angular 
appears, taking up a position ventral to Meckel's cartilage. It has a rod-like shape, 
but its posterior part is Alattened below the dentary and Meckel's cartilage. 

The mandible turns on its longitudinal axis. This is made possible by the 
peculiar structure of the two basal halves of the mandible. Each half is twisted around 
its longitudinal axis in such a way that its medial surface is turned almost dorsally, 
and its lateral surface almost ventrally, leaving a wide, dorsal surface in front of the 
guadrato-mandibular joint. 

The gonial lies lateral to the cartilage of Meckel and lateral to the surangular. 
Posteriorly it broadens, forming a shield on the medial side of Meckel's cartilage. It 
is continued backwards in its full width up to the pars articularis cartilaginis Meckelii 
with which, on ossification of the latter, it will fuse. Laterally above and below the 
gonial, the surangular and angular protrude. 

Towards the front end of the gonial, dorsal to Meckel's cartilage and between 
the gonial and surangular, the r. mandibularis V. accompanied by a branch of the 
carotid artery, enters the lower jaw and then runs forward in the central canal on the 

lateral side of Meckel's cartilage. The nerve gives off a branch which runs in the sur- 
angular, and another branch which leaves the lower jaw on its ventral surface between 
the angular and the cartilage of Meckel. The main branch again divides, and the lateral 
ramus then runs through the dentary, on the lateral surface of which it appears near 
the front end. The medial ramus leaves the central canal between the splenial and the 
dorso-medial surface of the dentary. The presence of a chorda tympani could not be 
demonstrated. 


PM.P. 


FH.M. 


HO. 


L.EXT.OJ. 


FIG. 21. Graphic reconstruction of the dorsal aspect of the pars atticularis cartilaginis Meckelii 
(X 16-65) 
F.H.M., fossa for main articular head of guadrate with mandible; H.O., main articular head with the 
guadrate; L.EXT.OJ., lateral extension for the guadratojugal process of the guadrate; P.M.P., pro- 
cessus mandibularis posterior. 
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The articulatory surfaces of the lower jaw and the guadrate are very complex 
in order to make possible the complicated movements taking place in the mandible 
when it is being lowered or raised. Where the pars articularis cartilaginis Meckelii 
is extended laterally, the ventral surface of the guadrato-jugal process of the guadrate 
makes contact with it (Fig. 16A). The pattern of fossae, ridges and articular heads 
interlocking the guadrate and the articular cartilage, is best presented by a graphical 
reconstruction of the articular cartilage (dorsal aspect) (Fig. 21), and by the series of 
consecutive drawings of sections showing the relations between the two structures 
from front to back (Figs. 16A, B, CO). 

From the medial surface of the ridge on the articular (Fig. 21) a very strong 
ligamentum occipito-mandibulare (Marinelli) or posterior lower jaw band (Tiedemann, 
Meckel) stretches to the processus occipito-lateralis. 

Lubosch (1929) has described the structure of the guadrato-mandibular articu- 
lation for Caprimulgus europeus in detail. He states that a processus mandibularis 
posterior is well developed. What he calls a processus mandibularis posterior is 
apparently the processus articularis or processus angularis internus of Gaupp. This 
process is also well developed in Npyctisyrigmus pectoralis pectoralis (Fig. 21). A 
processus retroarticularis is absent in Nyctisyrigmus pectoralis pectoralis, as it is also, 
judging from Lubosch's description, in Caprimulgus europeus. Barnikol (1951) states 
that the ligamentum occipito-mandibulare is stretched between the processus occipito- 
lateralis and the processus mandibularis internus. 'The medial ridge of the pars 
articularis cartilaginis Meckelii corresponds in Nyctisyrigmus pectoralis pectoralis 
with the processus mandibularisinternus as far as the ligamentum occipito-mandibulare 
is concerned, although Lubosch states that he had not seen a specific processus 
mandibularis internus in Caprimulgus europeus. 

Lubosch (1929) describes a foramen mandibulare posterius situated in the 
mandible in front of the “processus mandibularis posterior”; it is absent in Nycti- 
syrigmus pectoralis pectoralis. 

As in Caprimulgus europeus the mandible is convex in front of the parts articu- 
laris cartilaginis Meckelii. 


THE NASAL GLANDS 


In his work of 1932 Marples notes that the paper by Jacobson (1813) was 
probably the first dealing with the nasal glands in birds. Jacobson compared these 
glands with Stensonm's glands in the nasal cavity of mammals. 'The position and 
appearance of the nasal glands in various species of birds were described by Nitzsch 
(1820). Ganin (1890) amongst others, homologises the nasal glands with the organ of 
Jacobson, which has apparently vanished in birds. This guestion was settled by Cohn 
(1903) who concluded that the two structures are not homologous; this was con- 
firmed by Grewe (1948) who found the ““anlage” of Jacobsonm's organ in the 33-day 
embryo of the duck. 

Nyctisyrigmus pectoralis pectoralis has a pair of nasal glands, one on each side 
of the skull, lying dorsal to the orbit and lateral to the frontal. They are long (when 
compared with the total length of the skull), more or less cylindrical bodies. Anteriorly 
each gland opens into two ducts. Jobert (1869) showed that there are in reality two 
pairs of glands, the glandular body of each side being composed of two parts, each with 
its own duct. Apart from the presence of the two ducts it was not possible to dis- 
tinguish the division in Nyctisyrigmus pectoralis pectoralis. This division is guite 
distinct in Sturnus vulgaris (De Kock, in press). 
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The lateral and medial ducts of each gland, open into the nasal sac posterior 
to the atrioturbinal and on a level with the base of the nasal septum. The opening 
of the lateral duct into the nasal sac, is guarded by a dorsal and a ventral cartilaginous 
Outcrop from the internal surface of the base of the parietotectal side-wall. The lateral 
duct runs straight backwards and the medial one, after leaving the nasal sac, runs 
ventro-laterally around it, and then upwards until it joins the lateral duct. Both ducts 
leave the nasal capsule, immediately behind the alinasal plate, at the front of the 
maxilloturbinal. Then the medial duct divides incompletely several times, forming a 
glandular mass, against the base of the lateral duct. On each side at this spot, lies 
a small cartilaginous nodule against the base of the glandular mass formed by the 
medial duct. 

Posteriorly the glandular mass increases in size; the diameter of the lateral 
duct gradually decreases and it turns medio-ventrally until it loses its identity and 
becomes incorporated in the ventral part of the rest of the gland. 

The nasal gland now lies at a level with the base of the maxilloturbinal, but 
lateral to it. Further back it turns gradually upwards immediately lateral to the side- 
wall of the parietotectal cartilage, which is complete here. In the region of the concha 
nasalis it already runs above the aditus conchae, lateral to the line of fusion between 
the side-wall of the parietotectal cartilage and the paranasal cartilage which forms the 
concha nasalis. The nasal gland lies lateral to the processus maxillaris ossis nasalijs 
and the lacrimal, ventral to the nasal itself and ventral to the antero-laterally diverging 
“foot” of the frontal. Where the forehead rises sharply, the posterior part of the 
nasal gland does so too, remaining dorso-lateral to the frontal until it ends about 
halfway up the forehead. 


THE COLUMELLA AURIS 
The columella auris of birds was discussed by Smith (1905) and Schestakowa 
(1934); Goodrich (1915) gave a description of the chorda tympani and the middle ear 


in reptiles, birds and mammals. Crompton (1953) states briefly of Nyctisyrigmus 
pectoralis pectoralis that its columella auris is rather similar to that of the duck. 


PICOL. 


FIG. 22. Graphic reconstruction of the lateral aspect of the columella auris (` 22:2). 
F.P., footplate of the stapes; HUXLFOR., Huxdey's foramen; P.EXT.COL., processus extracolumel- 
laris: P.ILCOL., processus infracolumellaris; P.S.COL.LAT., processus supracolumellaris lateralis; 

P.S.COL.MED., processus supracolumellaris medialis. 
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The columella auris of the Nyctisyrigmus pectoralis pectoralis nestling is 
typically avian (Fig. 22), consisting of a processus supracolumellaris medialis (pro- 
cessus doraslis of de Beer, Brock and Versluijs), and a processus supracolumellaris 
lateralis, lying within the tympanic membrane. These two fuse dorsally, thus forming 
a short process which encloses Huxley's foramen. 'The interhyal (processus infra- 
columellaris, Sonies, 1907), is a long cartilaginous rod connecting the stylohyal to 
the columella auris. The stylohyal lies against the medial surface of the ventro-lateral 
edge of the otic capsule which also reaches the pars articularis cartilaginis Meckelii. 

The proximal portion of the columella auris, the otostapes, is in an advanced 
state of ossification; all the cartilage cells have become hypertrophic, whereas the 
extracolumella (hyostapes) consists of unaltered cartilage. There is no sharp demarca- 
tion between the two sections. From the otostapes springs the processus supracolumel- 
laris medialis which joins with the processus supracolumellaris lateralis from the 
hyostapes. The processus infracolumellaris also springs from the hyostapes. Although 
the terms “'processus supracolumellaris lateralis” and “processus supracolumellaris 
medialis” are used in this description, these processes cannot be distinguished as 
separate elements of the columella. 

The footplate of the columella auris, that is, the broadened basal section of the 
otostapes, lies against the membrane closing the fenestra ovalis. 

The processus extracolumellaris is antero-laterally directed, and inserts onto 
the tympanic membrane. The processus infracolumellaris springing from the antero- 
ventral surface of the extracolumella (hyostapes) is ventrally and postero-medially 
directed, making a sharp postero-lateral link with the stylohyal. 'The processus 
supracolumellaris projects postero-dorsally to form the supracolumellar arcade. 

The r. hyomandibularis VII leaves the braincase through a foramen antero- 
dorsal to the fenestra ovalis, and then continues on its postero-lateral course, dorsal 
to the middle ear cavity and the columella auris. The presence of a chorda tympani 
could not be demonstrated. 


SUMMARY 


1 A cavity, loosely filled with strands of connective tissue, exists between the 
rostrum and the joined pterygo-palatines. 

2 Nyctisyrigmus pectoralis pectoralis is typically “'neognathic” (Pycrafts 
nomenclature), because the pterygoids and the vomer actually meet in the nestling. 

3 'The front end of the pterygoid which is joined to the dorsal surface of the 
palatine, shows no sign of reduction or fracturing at the posterior border of the 
palatine. 

4 'The vomer which is intimately connected to the palatine, pterygoid and 
maxillo-palatine process of the maxillary by means of dense connective tissue must 
therefore move passively with the palate without taking active part in the kinetic 
process. 

5 No paraseptal cartilages are present. 

6 'Two foramina are found in the nasal septum of the embryo. Their ventral 
borders are formed by the trabecula communis which is continued forwards as a 
prenasal process. 

7 In the nestling both the trabecula communis and its prenasal extension have 
been resorbed. 'The small fenestra septi nasi anterior disappears, and the fenestra 
septi nasi posterior is transformed into the fissura craniofacialis. There is as yet no 
ossification in the nasal capsule. 
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8 There is a very large, more or less horizontally situated planum antorbitale, 
and an egually well-developed paranasal cartilage forming the concha nasalis. 

9  'The fissura craniofacialis is directly under the frontal “Beugungslinie” and 
thus enables bending to take place. 

10 Although Npctisyrigmus pectoralis pectoralis is a “carinate”, its oral roof 
does not strictly comply with the definitions of any of Huxley's subdivisions. The 
pterygo-palatine diarthrosis is lacking, and there is no flexure in the oral roof. 

11 A very large lacrimal is firmly connected to the lower temporal arch and 
antero-medio-dorsally to the nasal. Posteriorly it is very loosely joined to the frontal 
on which it can freely slide. It does not transmit the lacrimo-nasal duct. 

12 'The short rostrum passes posteriorly into the pneumatised “basal bone” 
bearing the basipterygoid process. 

13 Although having a complete avian kinetic apparatus the skull cannot be 
more than weakly kinetic. 

14 The guadrate has a double-headed otic process articulating with both the 
otic capsule and the sguamosal. A processus orbitalis guadrati is absent. 

15 'The pterygoid and the guadrate are syndesmo-synchondrotically joined, 
so that the possibility of mutual movement is excluded. 

16 There is an intramandibular joint perhaps compensating for the reduced 
kinesis. 

17 There are five membrane bones in the lower jaw, including a gonial. 

18 The columella auris has a large processus extracolumellaris. The processus 
supracolumellaris medialis and the processus supracolumellaris lateralis fuse dorsally 
to define Huxley's foramen. A long processus infracolumellaris joins the columella 
auris to the stylohyal. 
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